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ABSTRACT 






Channing R. Howard, Master of Science 
 
Utah State University, 2018 
 
 
Major Professor:  Dr. David N. Koons 
Department:  Wildland Resources 
 As human populations have expanded across North America and developed rural 
lands into urban and suburban areas, deer (Odocoileus spp.) have been able to adapt and 
thrive. In Utah, human populations have become increasingly urbanized, especially along 
the foothill of the Wasatch Mountains. As a consequence, wildlife managers have spent 
increasing amounts of time and money responding to escalating complaints and conflicts 
with mule deer (Odocoileus hemionus) in urbanized areas. This is driven in part by 
increasing expansion of communities into mule deer habitat as well as increasing mule 
deer populations, leading to situations of overabundant urban mule deer that cause 
damage to gardens and landscaping and deer-vehicle collisions.  
When deer become overabundant in urban or suburban areas these problems can 
quickly intensify due to the lack of deer population management. Traditionally, deer 
populations have been managed through regulated hunting, however in dense urban and 
suburban areas, the use of firearms can be prohibitive due to local ordinances and 
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perceptions about safety. Managers have thus begun to investigate alternative population 
reduction methods including translocation of urban deer to rural locations. My objectives 
were to 1) identify factors affecting survival of translocated urban mule deer; 2) report 
costs per deer of translocation; 3) assess public attitudes toward deer and perception of 
associated problems before and after implementation of deer translocation management 
actions; and 4) determine factors influencing any changes in public attitudes toward deer 
and deer management actions. 
Using Cox-proportional hazard models, results suggest that survival is lower for 
translocated males than for females and overall survival is negatively influenced by age 
and injuries, but survival increases in the second year post-release. Using paired t-tests 
and multinomial logistic regressions, results indicate that there was a minimal effect in 
reducing the perception of too many deer, no change in the perceived severity of 
problems caused by deer, and attitudes were heavily influenced by the severity of damage 
to gardens and landscaping and awareness of the translocation program. These results 
may be used to evaluate survival outcomes, costs, and public perceptions as part of a 
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PUBLIC ABSTRACT 
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An increase in urbanization in the United States has led to an increase in human-
wildlife interactions with deer (Odocoileus spp.) which have been able to adapt and thrive 
in these urban environments. In Utah, urbanization has occurred along the Wasatch Front 
which was once traditional mule deer (Odocoileus hemionus) winter range habitat. This 
urban expansion coupled with an increasing use of these urban areas by mule deer, have 
led to increasing conflicts with deer. Overabundant urban deer have led to increased 
concerns over safety from deer-vehicle collisions, and damage to personal property 
including gardens and landscaping. Lethal methods of urban deer control, such as 
controlled hunting or sharpshooting have proven prohibitive due to perceptions of safety 
or local ordinance prohibiting discharge of weapons. Managers have thus begun to 
investigate translocation as an alternative method of reducing deer and deer related 
problems. 
I evaluated the efficacy of translocation by determining factors influencing the 
survival of translocated urban mule deer, reporting the costs per deer of translocation, and 
determining change in public attitudes toward urban deer after 2 years of removing deer 
via translocation. Results indicate that translocated urban deer survival is reduced by age 
and injuries, and that male survival is much lower than that of females, however survival 
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was higher among deer that made it into the second year post-release. Overall survival of 
translocated urban deer is still lower than the average statewide survival for wild mule 
deer in Utah. Public perception of the amount of deer decreased slightly after 2 years of 
deer removals and attitudes were influenced by the severity of damage to gardens and 
landscaping. 
This research can provide managers with information on the hazards influencing 
survival of translocated urban mule deer as well as the costs associated with 
implementing and maintaining a translocation program to mitigate urban mule deer 
problems. It can also provide managers with information on the social impacts such a 
program has on the attitudes and perceptions of urban deer.  
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In the United States, rural and agricultural lands are being developed into urban 
and suburban landscapes as human populations grow and their footprint expands (White 
et al. 2009). While many wildlife species are negatively affected by development, others 
are able to adapt and even thrive in urban and suburban environments (Harveson et al. 
2006, McCleary et al. 2007, Ordenana et al. 2010, Bateman and Fleming 2012, Lowry et 
al. 2013). Species which thrive in developed areas have a greater chance of coming into 
frequent contact with humans. Human-wildlife conflicts are generally defined as when 
the interaction between wildlife and humans has a negative effect on humans (Conover 
2002, Adams and Lindsey 2010). When these negative interactions cause damage or 
become dangerous, management interventions must be employed. It is predicted that as 
human populations increase so too will human-wildlife conflicts (Redpath et al. 2013), 
making understanding, assessing, and addressing human-wildlife conflicts a crucial 
aspect of wildlife management. 
A particularly complex human-wildlife conflict is the overabundance of urban 
deer (Odocoileus spp.), which can result in ecological harm, economic loss and social 
conflicts. For example, overabundant deer can cause damage to forest ecosystems by 
over-browsing vegetation to the point of altering plant communities (Rooney and Waller 
2003, Coté et al. 2004). Conover (1997) estimated that 726,000 deer are hit by vehicles 
each year causing an estimated $1.1 billion in damages across the U.S. When residents 
have opposing views on appropriate management solutions or when these views differ 
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from the agencies responsible for deer management, social conflicts occur (Messmer et 
al. 1997, Raik et al. 2005, Urbanek et al. 2011, Urbanek et al. 2012). In order to address 
and resolve human-wildlife conflicts, it is crucial to understand the biological factors of 
overabundant wildlife in connection with the public’s attitudes toward wildlife and 
wildlife management (Decker et al. 2001, Manfredo et al. 2009). 
In Utah, human populations have been increasing and are expected to grow from 
3 million in 2015 to approximately 5 million people by the year 2050 (Perlich et al. 
2017). As Utah’s population has increased, so has the effort and money spent by wildlife 
managers to address human-deer conflicts in urban areas (S. Scott, Utah Division of 
Wildlife Resources, unpublished data). Traditional methods of deer management such as 
gun or archery hunting are not always feasible in dense urban areas (Kilpatrick et al. 
1997, Messmer et al. 1997, Stout et al. 1997, Urbanek et al. 2012). Sharpshooting has 
been shown to be effective in reducing urban deer, but is generally seen by the public as 
unsafe and inhumane (DeNicola et al. 2000, DeNicola et al. 2008). Contraceptives can be 
effective in small isolated deer herds, but can be costly and take multiple years before a 
reduction in deer numbers is achieved (Rudolph et al. 2000, Walter et al. 2002). Public 
sentiments toward the use of contraceptives for urban deer has been shown to vary and its 
use can become contentious (Kirkpatrick and Turner 1997). Wildlife managers in the 
western United States have thus begun to explore translocation as an alternative method 
to reduce deer, human-deer conflicts, and associated damage. While translocation of 
overabundant urban deer is viewed by the public as an acceptable technique, it can be 
costly, survival of deer post-translocation is either low or unknown, and reduction of 
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problems at the capture locations are unknown (Ishmael and Rongstad 1984, Stout et al. 
1997, Beringer et al. 2002, Wakeling 2003).  
This study examines the use of translocation as a tool for reducing human-wildlife 
conflicts with urban mule deer (Odocoileus hemionus) in Utah. In Chapter 2, I set out to 
determine the factors influencing survival of translocated mule deer and to report the 
costs per deer of translocation. I fitted female and male adult mule deer with radio 
telemetry devices and monitored fates monthly via fixed-wing aircraft. For analysis, I 
used the Andersen-Gill formulation of the Cox-proportional hazard to assess individual, 
trap and handling, and cohort effects on survival. I collected costs for supplies and 
equipment, mileage, labor, and monitoring over the course of the project to estimate total 
costs and costs per deer captured. My results indicate that survival was lower for males 
when compared to females and both sexes were negatively influenced by being older and 
having an injury. Survival was notably higher among deer that made it into the second 
year post-release. My findings add to an understanding of the survival and monetary costs 
of urban mule deer management actions. 
In Chapter 3, I assessed residents’ change in attitudes toward urban mule deer 
after 2 years of urban deer removal via translocation and determined factors influencing 
those attitudes. I administered a telephone survey in 2014 and again in 2016 using the 
same questions to ask residents about their attitudes toward deer, toward urban deer 
management actions, and perceptions of problems caused by deer. I used paired t-tests to 
quantify the change in attitudes and perceptions and multinomial logistic regression to 
measure multiple factors’ influence on these attitudes. Perceptions of the problems deer 
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cause did not change, however fewer residents believed there were too many deer. 
Overall, damage to gardens and landscaping was the strongest predictor for attitudes 
towards deer and deer management actions. My results will increase understanding of the 
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CHAPTER 2 
TRANSLOCATION OF URBAN MULE DEER IN UTAH: AN ASSESSMENT OF 
SURVIVAL CONSEQUENCES AND MONETARY COSTS 
 
ABSTRACT 
Urbanized areas throughout much of western North America have been 
expanding, especially along the Wasatch Front in Utah. As a consequence, wildlife 
managers have spent increasing amounts of time and money responding to escalating 
complaints and conflicts with mule deer (Odocoileus hemionus) in urbanized areas. This 
is driven in part by increasing expansion of communities into mule deer habitat as well as 
increasing use of these communities by mule deer, leading to situations of overabundant 
urban mule deer that cause damage to gardens and landscaping and deer-vehicle 
collisions. Traditional urban deer management techniques, such as sharpshooting, can be 
viewed as dangerous or immoral, so wildlife managers are investigating translocation as 
an alternative non-lethal option. By determining if translocation of overabundant urban 
mule deer is a feasible method to reduce urban complaints and issues, we could expand 
the tools available to managers; however, little research exists on this topic. Here, we 
focused on the demography of mule deer that were translocated away from their urban 
environments and released into distant, wild environments. Specifically, we examined the 
annual survival rate of 215 translocated urban mule deer and the associated costs of 
capture in Utah from 2014 to 2016. We additionally investigated whether the survival 
rate differed between sexes, release sites and years, and compared results to annual 
survival for wild deer from neighboring sites and comparable studies. Annual survival for 
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adult female mule deer (2.5 year-olds S = 0.50 (SE = 0.10)) after translocation away from 
urban environments was higher than that for adult males (2.5 year-olds S = 0.15 (SE = 
0.36)), but no differences were detected between release sites or years. Annual survival of 
adult females translocated from an urban area was nevertheless lower than that for wild 
adult females in sites adjacent to the release areas, but was similar to the annual survival 
of wild mule deer that were captured and translocated to other wild areas. Costs of 
capture and translocation were approximately $1,023 per deer, but exact costs depend on 
study objectives and existing materials and support. Our results highlight the need for 
detailed evaluation of specific deer management goals and associated costs when 
considering the use of translocation to address overabundant urban mule deer relative to 
lethal control methods that have proven to be less popular with the public. 
 
INTRODUCTION 
As human populations across the United States increase, land continues to be 
developed into urban and suburban areas (White et al. 2009). While some species are 
negatively affected by urban development, others are able to adapt and thrive (Harveson 
et al. 2006, McCleary et al. 2007, Ordenana et al. 2010, Bateman and Fleming 2012, 
Lowry et al. 2013). Species that thrive and become abundant in urban areas frequently 
come into contact with humans. Human-wildlife conflicts occur when those interactions 
have a negative effect, cause damage, or become dangerous, and management 
interventions must be employed (Conover 2002, Adams and Lindsey 2010). In parallel 
with expanding human populations, understanding, evaluating and addressing human-
wildlife conflicts has become a critical component of wildlife management.  
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A particularly challenging human-wildlife conflict is the overabundance of urban 
deer (Odocoileus spp.), which induces ecological damage, economic damage and social 
conflicts. For example, when deer become overabundant they can cause damage to the 
ecosystem by over browsing vegetation to the point of altering plant communities 
(Rooney and Waller 2003, Coté et al. 2004). Conover (1997) estimated that 726,000 deer 
are hit by vehicles each year causing an estimated $1.1 billion in damages across the U.S. 
Social conflicts occur when residents have opposing views on appropriate management 
solutions or when these views differ from the agencies responsible for deer management 
(Messmer et al. 1997a, Raik et al. 2005, Urbanek et al. 2011, Urbanek et al. 2012). 
In the United States, state wildlife agencies use hunting to regulate deer 
populations (Geist et al. 2001). However, hunting is a limited tool in urban settings. 
Traditional urban deer management, including special public hunts or sharpshooters often 
have limited use within high density municipalities due to firearm ordinances and 
perceptions of safety (Kilpatrick et al. 1997, Messmer et al. 1997a, Stout et al. 1997, 
DeNicola et al. 2000, Urbanek et al. 2012). In urban and suburban areas, many states 
have used special hunts or archery-only hunts to reduce deer herds (Doerr et al. 2001, 
Stewart et al. 2013). Costs for this type of program are generally low and can even bring 
in revenue through sales of licenses; however, in some areas, reduced access to private 
land has precluded these types of hunts as an effective standalone method (Messmer et al. 
1997, Doerr et al. 2001, Stewart 2011, Williams et al. 2013).  Sharpshooting deer over 
bait, while less acceptable by the general public than traditional gun or archery hunts, has 
been used successfully to reduce deer densities with variable reported costs based on the 
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entity employed as the sharpshooter (Butfiloski et al. 1997, DeNicola et al. 1997, Doerr et 
al. 2001, DeNicola and Williams 2008).  Less traditional techniques, such as 
immunocontraceptives, are perceived by the public as more humane, however they are 
minimally effective in free-ranging deer populations and are among the costliest of 
techniques (Kirkpatrick and Turner 1997, Rudolph et al. 2000, Walter et al. 2002,). 
Capture and translocation of overabundant urban deer is also perceived by the public as a 
humane and acceptable technique but is generally costly and fates of translocated deer are 
either unknown or low (Ishmael and Rongstad 1984, Stout et al. 1997, Beringer et al. 
2002, Wakeling 2003). 
Like other areas in the United States, urbanized areas throughout much of western 
North America have been expanding. This is especially evident along the Wasatch Front 
in Utah. Of the 2.8 million people in Utah, 75% of those live in a 130 km area 
collectively known as the Wasatch Front (U.S. Census Bureau 2012). Human populations 
in the western United States have continued to grow and in 2015-2016, Utah was the 
fastest growing state in the U.S. (U.S. Census Bureau 2016). While human populations 
continue to increase, mule deer (Odocoileus hemionus) populations in the West have 
experienced historical declines (Unsworth et al. 1999, Ballard et al. 2001). In the early 
1990’s in Utah, there was a sharp decrease in total mule deer harvested and number of 
hunters afield (Bernales et al. 2017). Mule deer populations have remained stable for the 
past ~20 years, but still remain below the statewide population objective. During this 
time, wildlife managers spent increasing amounts of time and money to respond to 
escalating complaints and conflicts with mule deer in Utah’s urbanized areas (S. Scott, 
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Utah Division of Wildlife Resources, unpublished data). This was driven in part by 
increasing expansion of communities into mule deer habitat as well as mule deer 
adaptations to these communities (DeVos et al. 2003). Recently, wildlife managers in 
western states have looked to translocation as a potential management tool to reduce 
urban deer herds. 
In general, translocation is used to accomplish three main goals: bolster declining 
populations (e.g., in rural areas), reintroduce locally extirpated species, or reduce 
overabundant species (Boyer and Brown 1988, Conover 2002). Although translocation of 
deer has been used by wildlife managers for many years to achieve these goals, not all 
efforts have been considered successful. Barriers to translocation of deer include low 
survival rates (Jones and Witham 1990, Boyer and Brown 1988), high costs (Ishmael and 
Rongstad 1984, McAninch 1995), and a lack of appropriate release sites (Boyer and 
Brown 1988, Griffith et al. 1989, Drummond 1995, DeNicola et al. 2000).  
Ishmael and Rongstad (1984) reported costs of multiple capture methods that 
ranged from $113 to $570 per deer.  Drummond (1995) reported costs of capture and 
translocation using traps that ranged from $603 to $1,251, and most recently, Beringer et 
al. (2002) reported translocation costs of $387 per white-tailed deer (Odocoileus 
virginianus). With white-tailed deer translocation projects, a major barrier was 
identifying appropriate release sites with fewer roads and reduced human activity as well 
as being far enough from the capture location to reduce deer returning to capture sites 
(Drummond 1995, DeNicola et al. 2000, Berringer et al. 2002). Previous urban deer 
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translocation has focused on white-tailed deer in the eastern U.S. and only minimal 
information exists about urban mule deer translocations.  
In their review of the literature, Jones and Witham (1990) and Wakeling (2003) 
found only two mule deer translocation studies; the first of which documented very low 
annual survival (15%; n=13) for translocated black-tailed deer (Odocoileus hemionus) in 
California. The second study also found survival to be low among translocated mule deer 
in New Mexico (42% over 450 days; n=33; ~ 49% annual survival). Recent concurrent 
studies in New Mexico and Utah have also indicated a low annual survival rate for 
translocated wild adult female mule deer (Ashling 2015, Smedley 2016). All of these 
studies focused solely on adult females or combined adult male and female survival, 
however there remains no information on survival of translocated adult male mule deer.  
Our goal was to examine two objectives related to the translocation of urban mule 
deer. The first objective was to examine the survival rate of translocated mule deer and 
investigate whether the survival rate differed across sexes, study years or release sites. 
We then sought to compare our results with annual survival for wild deer in neighboring 
sites and with other translocation studies. Secondly, we examined the associated costs of 
capture and translocation and identified stakeholders’ contributions. Results from this 
study will further clarify our understanding of the feasibility of using translocation as an 
alternative method to address overabundant urban mule deer in the West. 
 
  






All deer for this study were captured in the city of Bountiful, Utah in Davis 
County, a northern suburb of Salt Lake City containing a population of approximately 
43,000 people with minimal agriculture or livestock production (U.S. Census Bureau 
2012). Bountiful is centrally located along the Wasatch Front, a 130 km highly urbanized 
corridor where approximately 75% of Utah’s population resides (~ 2.7 million people; 
U.S. Census Bureau 2012). Adjacent to the east lies the Wasatch Mountains, and to the 
west, the Great Salt Lake. Elevation in Bountiful ranges from approximately 1,300 m to 
1,700 m with gamble oak (Quercus gambelii) habitat in the mid to upper ranges.  
Bountiful has been on the forefront of urban mule deer issues in Utah for many 
years. In 2010, the Utah Division of Wildlife (UDWR) began a culling program to reduce 
deer within city limits; however, due to public outcry, the program was halted after only a 
few days. Because of the public opposition to lethal control, Bountiful presented a unique 
opportunity to assess translocation as an alternative non-lethal method of reducing the 
urban deer population and associated human-wildlife conflicts. 
 
Release Areas 
We translocated deer from Bountiful and divided them into two release areas in 
northern Utah; the Raft River Mountains and Big Wash (Fig. 2-1). The Raft River 
Mountains are in northwestern Box Elder County, Utah, approximately 180 km northwest 
of Bountiful. The release area is bordered by Idaho to the north, Nevada to the west, and 
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the Great Salt Lake to the southeast with elevations ranging from 1,500 m to 3,000 m. 
The Raft River Mountains are characterized by sagebrush (Artemisia spp.) communities 
at lower elevations, pinyon (Pinus spp.) and juniper (Juniperus spp.) encroachment at 
mid-elevations and mahogany (Cercocarpus spp.) forests at higher elevations (Gunnell et 
al. 2011). The Raft River Mountains comprise a portion of the U. S. Forest Service’s 
(USFS) Sawtooth National Forest with the surrounding area containing a mix of private, 
Bureau of Land Management (BLM), and State Institutional Trust Land Administration 
(SITLA) land. 
Big Wash, our second release area, is located in the Uinta Basin in southeastern 
Duchesne County, Utah. It is approximately 180 km southeast of Bountiful with 
elevations ranging from 1,500 m to 2,200 m. The release area is bounded to the north by 
the South Slope of the Uinta Mountains, the Green River to the east and Nine Mile 
Canyon to the south. Big Wash is characterized by drier desert shrub habitat including 
sagebrush (Artemisia spp.), rabbitbrush (Chrysothamnus spp.), and grasses with dispersed 
pinyon (Pinus spp.) and juniper (Juniperus spp.) (Gunnell et al. 2010). Landownership 
consists of a checkerboard of BLM and SITLA with USFS in the west and tribal lands to 
the northwest all punctuated by oil and gas development. 
Release areas for this study were carefully chosen based on specific criteria. In 
both study areas, mule deer populations have been severely below the UDWR population 
objective for >5 years, while range trend studies indicate the winter habitat trend has been 
good to excellent since 1995 with extensive pinyon-juniper treatments in both areas. 
(Gunnell et al. 2010, UDWR 2012, 2012a). The release areas consisted of large tracks of 
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public land open to hunting and had no history of chronic wasting disease. The 
substantial distance from the capture area to release areas coupled with the physical 
barriers (Great Salt Lake and Wasatch Mountain Range) also reduced the chance of mule 
deer returning to the capture area. Minimal agriculture in both release areas diminished 
the likelihood of crop depredation. These underutilized mule deer winter range habitats 
offered release areas suitable for relocating urban mule deer and potentially helping to 





Capture and Monitoring 
We captured mule deer during winter 2014-2015 and winter 2015-2016 using 
Clover traps and drop nets (Clover 1956, Wildlife Capture Services, Flagstaff, AZ, USA). 
We installed a total of 24 Clover traps, two per residence, into the backyards of 
residential properties and moved the traps to new properties as needed. We pre-baited 
traps with apples and alfalfa hay for one week prior to captures. Trapping occurred 
approximately 2 to 3 times a week from December 2014 through early March 2015 and 
again from December 2015 through mid-January 2016. Drop nets were baited with apples 
and alfalfa hay for 4 days prior to capture, and drop netting occurred approximately once 
a week during the 2014 – 2015 trapping season (drop nets were not used in 2015 – 2016). 
Each captured deer was hobbled and blindfolded before processing and received 
an individually numbered metal ear tag. We fitted adult female mule deer with standard 
very-high-frequency (VHF) radio collars (Model M2230B, Advanced Telemetry 
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Systems, Isanti, MN) and adult males were fitted with a VHF ear tag transmitter (Model 
M3620, Advanced Telemetry Systems, Isanti, MN). The VHF radio collars and ear tag 
transmitters were equipped with an 8-hour mortality sensor with an approximate battery 
life of 7 and 2 years, respectively. All adult deer ≥ 1.5 years old were tested for chronic 
wasting disease according to UDWR policy (Thomsen et al. 2012). We determined age of 
all captured deer by tooth wear, assigned a body condition status (poor, fair, good), 
measured rectal body temperature, and noted any injuries sustained prior to or during 
capture (Robinette et al. 1957, Riney 1960). Each deer received an injection of flunixin 
meglumine (2.2 mg/kg; MWI Veterinary Supply Co., Boise, ID, USA) intramuscularly to 
reduce pain and stiffness and a subcutaneous injection of eprinomectin (1.0 mg/kg; MWI 
Veterinary Supply Co., Boise, ID, USA), an anti-parasitic. In the second year, we also 
recorded handling time as the start of processing until the deer was loaded into the trailer. 
After processing, deer were loaded into a modified stock trailer and released at 1 of the 2 
areas on same day as capture, alternating between Raft River and Big Wash. All capture 
and handling was conducted by the UDWR and approved by the Utah State University 
Institutional Animal Care and Use Committee (Protocol # IACUC-2707).  
Beginning February 2015, telemetry flights were conducted via fixed-wing 
aircraft at each release site approximately every 4 weeks, unless logistics and weather 
were prohibitive. During monthly telemetry flights, we recorded status of the deer as live, 
dead, or missing (any deer not heard during a flight). During flights with low signal 
detection, a second flight was conducted within a week to detect the remaining radio 
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frequencies. Due to elongated intervals between telemetry flights, specific cause of death 
was impossible to determine, and capture mortalities were not censored from analysis.   
 
Cost Data Collection 
Data for cost analysis, including total hours, number of volunteers, UDWR 
personnel and Bountiful personnel, were collected each capture day throughout the 2014-
2015 and 2015-2016 trap seasons. UDWR personnel time included the addition of two 
full-time benefited technician positions. The technicians’ job duties included 
administrative and field work planning and preparing for the project, refurbishing and 
maintaining trap equipment, and capturing and monitoring deer as part of the survival 
study. Volunteers were required by the UDWR to sign and complete a volunteer waiver 
and record number of hours spent on the project each day. Bountiful city employees kept 
track of hours spent baiting, setting and maintaining traps as well as the number of hours 
worked during capture days. Hourly wages for UDWR were based on technician pay and 
benefits. Bountiful wages were based on hourly wages and volunteer wages were based 
on the UDWR’s Dedicated Hunter program labor valuation. We recorded kilometers 
driven as total number of round-trips from Bountiful to each study site and was calculated 
using Utah’s mileage reimbursement. Equipment costs for radio telemetry tracking 
devices, medications and supplies were gathered from purchasing receipts and hourly 
telemetry monitoring flight costs were obtained from the UDWR. Large, one-time 
purchases, such as new netting for traps and one new stock trailer were included in the 
total for year one of the project.  
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Survival Analysis 
We focused on survival data from December 2014 through December 2016. Since 
deer entered the study continuously during the trapping season, we used a staggered 
entry. When a deer was not heard for ≥ 2 consecutive months, it was right censored until 
detected twice within 3 consecutive months and then reentered into the study via 
staggered entry. We standardized continuous variables ([value – mean] / standard 
deviation), such as age, body temperature, and handling time to reduce multicollinearity. 
Since increased body condition has been linked with increased survival of ungulates, we 
ordered the body condition score from poor (1) to good (3) (Bender et al. 2007). Injuries 
were classified into a binary injury (e.g. puncture wounds, missing or broken incisors) or 
no injury category and we included injuries sustained prior to and during capture. In the 
2014-2015 capture season, we captured deer using both Clover traps and drop nets, thus 
we used this cohort to test for differences in capture method. Since female deer were 
fitted with both radio collars and ear tag transmitters in the 2015-2016 capture year, we 
used this cohort to test for differences in transmitter type. Yearly survival of deer can 
vary across locations and time (Unsworth et al. 1999, Monteith et al. 2014, Smedley 
2016). To account for these possible year or cohort effects, we created 4 variables that 
grouped or split the data by different factors (Appendix A, Table A-3). These variables 
were based on the year of capture (cohort), the number of years after release (year after 
release), calendar year of the study (study year) and discrete groups for each cohort by 
number of years after release (group: cohort 1, first year after release; cohort 1, second 
year after release; cohort 2, first year after release). 
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We used the Andersen-Gill formulation of the Cox-proportional hazard to test 
capture and handling, individual, year, release site, and cohort effects on survival (Cox 
1972, Andersen and Gill 1982). This formulation allowed for staggered entry and right 
censoring as animals entered and exited the study and tolerated irregular telemetry 
monitoring intervals among marked individuals. To identify the survival model most 
supported by our data, we used a 3-tiered approach for model selection. In the first tier, 
we modeled capture and handling variables. Because not all capture and handling 
variables were collected for each individual (e.g. body temperature and handling time), 
these variables had different sample sizes and were thus assessed separately. To evaluate 
possible effects of each capture and handling variable, we thus compared the univariate, 
additive (with sex), and interactive model (with sex) to each other and a null model using 
Akaike’s Information Criterion adjusted for sample size (AICc; Burnham and Anderson 
2002). Any variable that beat the null model was subsequently included in the second tier 
of models. For the second tier, we assessed characteristics of individuals, such as age and 
body condition, in addition to variables supported in the first tier of model selection. 
Using AICc, variables in the top-ranked model from the 2nd tier were brought forward to 
compare in the final tier. For the 3rd tier, we compared all cohort- and time-related 
variables alongside variables supported in the 2nd tier of analysis, used additive and 
interactive effects, and ran all possible combinations of variables that were considered in 
the final tier (capture and handling, individual, year, release site, or cohort effects). At 
each tier of analysis, all models within 2 ΔAICc units of the top model were considered 
for further analysis. Although this tiered approach to model selection may miss 
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potentially important combinations of variables, it conservatively avoids data dredging 
that can lead to spurious conclusions (Franklin et al. 2000, Burnham and Anderson 2002). 
Yearly (12-month) survival probabilities were generated using hazard estimates from the 
top model in the 3rd tier of analysis. 
We used Schoenfeld residuals to check the assumption of proportionality for 
explanatory variables in all Cox-proportional hazard models. If the proportionality 
assumption was not met, we stratified variables (e.g. sex) such that each stratum level had 
a unique baseline hazard function (analogous to a Kaplan-Meier hazard). Only variables 
which met the proportionality assumption after stratification were considered for 
analysis. The survival package in program R (R Version 3.3.3, www.r-project.org, 
accessed 1 Apr 2017) was used for all statistical analysis.  
 
Cost Analysis 
To estimate costs, we averaged the number of volunteer and Bountiful personnel 
per capture day. We then multiplied total personnel hours for each capture year by each 
group’s estimated hourly wage. For UDWR labor cost per trap day, we used the salary 
for 2 full-time employees over the course of the trap season for each year. This labor time 
included capture days, equipment maintenance, and administrative duties. We used that 
total salary and divided by the number of trap days to estimate total time of all necessary 
duties during the trap season. To estimate cost of capture per deer for each study year, we 
added total costs of equipment, wages, and mileage and divided by the total number of 
deer captured. Telemetry monitoring flight costs were based on a flight time of four hours 
per monitoring event.  





Capture and Monitoring 
We captured 394 mule deer of all ages and both sexes during winter 2014-2015 
(200 deer) and winter 2015-2016 (194 deer). We fitted 216 adult mule deer with radios; 
137 adult females (77 in 2014 – 2015 and 60 in 2015 – 2016) were fitted with standard 
very-high-frequency (VHF) radio collars and 56 adult males (22 in 2014 – 2015 and 34 in 
2015 – 2016) and 23 adult females (0 in 2014 – 2015 and 23 in 2015 – 2016) were fitted 
with a VHF ear tag transmitters. 
Of the 200 deer (126 female, 74 male) captured in 2014 – 2015 (Appendix A, 
Table A-1), 2% (n = 3) of the deer were euthanized due to capture-related causes (1 male 
fawn, 1 female fawn, and 1 adult male) and 1% (n = 1) of the deer was euthanized due to 
a severe case of lice (1 male fawn).  Of the 194 deer (129 female, 65 male) captured in 
2015 – 2016, 2% (n = 4) of the deer were euthanized due to capture-related causes (1 
male fawn, 2 female fawns, and 1 adult female), and 1% (n = 1) was euthanized due to a 
broken leg sustained prior to capture (1 adult female). These 9 deer euthanized at the 
capture location were not included in survival analyses. Five radio-marked male deer and 
1 female deer were reported as legally harvested by hunters during the 2015 and 2016 
hunting season, but were included in survival analyses because hunter harvest is a 
common cause of mortality in male mule deer. One additional male was reported as 
legally hunted during the 2015 season, however, the ear tag transmitter failed and 
therefore was not included in survival analysis. No deer tested positive for chronic 
wasting disease. Age of collared deer ranged from 1.5 – 8.5 years in 2014 – 2015 and 1.5 
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– 9.5 years in 2015 – 2016 with a mean ± SE of 3.5 ± 0.15 and 2.9 ± 0.15 years, 
respectively (n = 99, n = 117). Body temperature ranged from 37.4 – 42.2 C with a mean 
of 39.0 ± 0.05 (n = 198). Handling time for 2015 – 2016 captures ranged from 4.0 – 50.0 
minutes with a mean of 17.0 ± 0.58 (n = 117). 
 
Survival Analysis 
We had a total of 1,634 monitoring intervals for 215 collared deer with 127 
mortality events over the course of 24 months of monitoring. The only variable which 
continuously violated the assumption of proportionality was sex (P < 0.05). We therefore 
stratified sex throughout analyses in all but 2 models (body temperature and handling 
time variables).  
Of the tier one capture and handling covariates, we only found support for injury 
score with an additive effect of sex; all other tier one covariates were not considered in 
any further analysis (Table A-8). We found no support for differences in survival based 
on capture method, transmitter type, body temperature or handling time (Table A-4, A-5, 
A-6, A-7). The additive combination of sex and injury score was used in all subsequent 
tiers of model comparison. We compared six models in the tier two analysis of individual 
characteristics. Our top model in tier two included an interactive effect between age and 
injury with an additive effect of sex (Table A-9, A-10). In the final tier of analysis, we 
added cohort and year covariates and compared 13 models, of which three had a ΔAICc ≤ 
2 (Table 2-1). All three models included an interactive effect between age and injury with 
additive effects of sex. The top model, which was also the most parsimonious, included 
an additive cohort effect of year after release. The two subsequent models included an 
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additive effect of group and interactive effect between age and year after release, 
respectively, however because both models had more parameters than the top model, they 
were subsequently eliminated from further analysis. 
In the top model, there was a strong negative relationship between the injury score 
and the risk of death (P = 0.001; Table 2-2, Fig. 2-2). An injury increased the risk of 
death for mule deer by 2.7 times (95% CI = 1.48 – 5.00) (classifying injury scores on 
three levels, none, minor, and major, yielded similar results; β = 0.572, P = 0.001). For 
each one-year increase in age, the risk of death for mule deer increased by 1.2 times (95% 
CI = 0.99 – 1.46), but the effect was marginally significant (P = 0.066). The interaction 
between age and injury indicated for each one-year increase in age within an injury 
category, the risk of dying increased by 2.3 times (95% CI = 1.20 – 4.47, P = 0.013). The 
risk of dying decreased by a factor of 0.5 (95% CI = 0.26 – 0.90, P = 0.023) for deer in 
their second year after release.  
For the first year post-release, annual (12-month) survival probability for 2.5-
year-old female deer without injury was 0.50 (SE = 0.10) and with injury was 0.31 (SE = 
0.38), while for 2.5-year-old males without injury it was 0.15 (SE = 0.36) and with injury 
was 0.04 (SE = 1.07) (Fig. 2-2, Fig 2-3). Annual survival probabilities for male and 
female deer which entered the second year post-release were higher in all modeled age 
and injury categories. In the second year post-release, annual survival probability for 2.5-
year-old female deer without injury was 0.72 (SE = 0.11) and with injury was 0.57 (SE = 
0.25), while for males without injury it was 0.40 (SE = 0.33) and was 0.21 (SE = 0.72) for 
injured males. 
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Cost Analysis 
Total cost of the project was $403,121 (Table 2-3). Average cost per deer 
captured was $1,023. Repair costs of existing UDWR Clover trap equipment was $312 
per clover trap, and a new clover trap with a new frame, netting and UDWR installation 
of the netting was $667. A total of $26,949 was spent on one-time upfront purchases for 
the project, such as a stock trailer and capture equipment. Telemetry monitoring flights 
cost approximately $1,600 a month and a total of $37,600 for all monitoring flights 
during the study. Ongoing personnel labor, monitoring and equipment costs were 
$190,124 and $186,048 for 2014-2015 and 2015-2016 respectively. Volunteer labor on 
the project saved an estimated $54,131 over the course of the study (Table 2-4). 
 
DISCUSSION 
 Similar to other deer translocations, we found that annual survival was much 
lower for translocated deer when compared to reported average annual survival of wild 
deer (Hawkins and Montgomery 1969, Jones and Whitham 1990, Jones et al. 1997, 
O’Bryan and McCullough 1985, Beringer et al. 2002, Smedley 2016). Bryant and 
Ishmael (1991) reported lower survival of translocated urban white-tailed deer than either 
resident wild deer at the release site or resident urban deer at the capture site. When 
compared to previous female mule deer translocations in western North America, our 
female annual survival was similar (O’Bryan and McCullough 1985, Ortega-Sanchez 
2013, Smedley 2016). However, our female survival was lower than mule deer captured 
from urban areas in New Mexico (Ashling 2015). Perhaps of most relevance for 
informing local management decisions, our translocated urban mule deer experienced 
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significantly lower survival than average annual survival for wild mule deer in Utah 
(UDWR 2014). 
Our top hazard model nevertheless indicated that translocated mule deer survival 
was heavily influenced by injuries sustained either prior to or during capture. Deer with 
injuries survived at a much lower rate than those without. Unfortunately, most studies do 
not report non-fatal injuries. Injuries sustained prior to capture may have been an artefact 
of capturing deer residing in an urban environment where they encounter vehicles, but 
also fencing and similar materials that can induce seemingly more minor injuries such as 
punctures and scrapes. The most common capture-related injury in our study was to the 
teeth, specifically the loss of incisors from catching the lower jaw in the netting or hitting 
the bars of the trap. While Bleich et al. (2003) demonstrated that the extraction of one 
incisiform canine tooth for aging did not affect survival, the loss of one or two front 
incisors could negatively impact a deer’s ability to forage leading to decreased survival.  
In our top model, the effect of a one-year increase in age led to a 1.2 times 
increased risk of dying. The hazard of death increased even more when age interacted 
with injury; for each one-year increase in age within an injury category, the risk of death 
increased by 2.3 times. The interactive effect of age and injury indicated that older deer 
with injuries were at the greatest risk of death and were much less likely than younger 
deer to survive to one-year post-release. Among translocated wild mule deer in Utah, age 
was also found to have a significant negative effect on survival for adult females 
(Smedley 2016). Among free-ranging large ungulates, survival is generally high for adult 
females; however, there is evidence that ungulate populations exhibit senescence where 
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survival decreases as age increases (Unsworth et al. 1999, Gaillard et al. 2000, Festa-
Bianchet et al. 2003, Nussey et al. 2007).  In adult female mule deer in eastern California, 
annual survival remained high (>85%) for yearlings through 7.5-year-old deer when it 
began to decline to <55% for a 14.5-year-old deer (Monteith et al. 2014). A similar 
increase in mortality as age increases has been documented in free-ranging white-tailed 
deer (DeLguidice et al. 2006). It is likely that our translocated urban mule deer are 
experiencing the same effects of senescence leading to decreased survival among older 
deer, but perhaps at an accelerated rate. 
For deer entering their second year post-release, the risk of death decreased. This 
difference was substantial, with annual survival of translocated deer approaching that of 
wild female mule deer (White et al. 1987, Unsworth et al. 1999, UDWR 2014). This 
pattern of lower survival in the first year post-release followed by increased survival in 
year two has been reported in other studies of translocated mule deer and elk 
(McCorquodale et al. 2013, Ortega-Sanchez 2013, Smedley 2016). Translocated deer can 
have larger home ranges and make larger, more substantial movements than resident deer 
which could make them more vulnerable to predators in their first year (Bryant and 
Ishmael 1991, Jones et al. 1997, Smedley 2016). These effects may be more severe for 
translocated urban deer which are naïve to wild environments and predators (O’Bryan 
and McCullough 1985). It may take a year for a translocated deer to become familiar with 
the release area, establish a new home range, and learn to avoid hazards. In the meantime, 
however, many translocated deer and other ungulates die before they have a chance to 
reproduce. 
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 Overall, adult male survival was much lower than female survival. This could be 
partly due to an artefact of individuals represented in the smaller sample size (N = 55) of 
adult males, or because hunting was allowed in our release areas. There is strong 
evidence suggesting that in wild mule deer populations, males have a lower annual 
survival rate than females due to hunting (Bishop et al. 2005, Farmer et al. 2006, Pac and 
White 2007, Mulligan 2015). However, known incidences of hunter harvest (N = 5) 
accounted for only 14% of overall mortality in adult males. Increased natural mortalities 
in white-tailed deer, post-rut have been attributed to stressors from the rutting season 
(Ditchkoff et al. 2001, Gavin et al. 1984). We translocated deer post-rut, which could be a 
contributing factor affecting survival of translocated males differently than for females. 
While our body condition score showed no effect on survival, more precise 
measurements, such as mean ingesta-free body fat and rump body condition scores, have 
indicated lower survival for deer in poor body condition (Bender et al. 2007. Monteith et 
al. 2014), which deserved further attention in future studies.  
We found no difference in survival between study sites or between years. This 
indicates that the habitat differences between study sites and weather patterns across 
years may not have played as crucial of a role (Unsworth et al.1999). However, there may 
be other factors influencing this outcome that our study was not designed to test such as 
cause of mortality, or the overall high rates of mortality that may have masked important, 
but more subtle effects of habitat and temporal changes in habitat conditions resulting 
from factors such as precipitation. 
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Costs for trap and translocation of urban mule deer, while high, were similar to 
other reported deer capture and translocation costs (Ishmael and Rongstad 1984, 
Drummond 1995, Ishmael et al. 1995, Mayer et al. 1995, Beringer et al. 2002). 
Equipment and other large one-time purchases made at the beginning of the project were 
initially expensive, but over time with regular maintenance, could reduce future expenses 
on these types of purchases. The largest portion of the cost was associated with labor 
from UDWR, Bountiful, and volunteers. Labor costs were ongoing and required during 
each year of the project unlike the trap or trailer purchases, and even if conducted by 
other stakeholder groups, would still be the most substantial cost for conducing captures 
and translocation of urban mule deer. Outside of labor and monitoring flights, costs were 
relatively inexpensive, making up approximately 22% of the total and included 




 Our results indicate that using translocation to reduce overabundant mule deer 
from cities is costly and, relative to wild mule deer, results in lowered survival for female 
deer and extremely low survival for males up to one-year post-release. Depending on the 
goal of the project, reducing urban deer or supplementing wild populations, managers 
should reevaluate translocation as a management tool. Our finding of decreased survival 
with injuries indicates that deer should be evaluated as to whether each individual should 
be released. In some cases, it may be worth extra costs of modifying the netting and bars 
on the traps (e.g., Clover traps) to prevent certain types of capture-related injuries. For 
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deer that survive into the second year post-release, survival may be slightly higher. We 
thus recommend future research objectives to monitor deer for a minimum of two years 
post-release to better understand survival dynamics, and the proportion of release cohorts 
that experience higher survival rates past the first year following release. Our results also 
indicated that as age increased, so did the risk of death. Younger deer may fare better 
after transplantation than older deer because of their reduced risk of mortality over older 
animals. The majority of the costs, which arose from labor involved to organize the 
project and to capture and transport deer, would remain in any long-term urban deer 
capture program. Similarly, the need to test deer for diseases and attach short-term 
telemetry monitoring devices would also remain. Managers should take these types of 
costs into consideration when thinking of developing an urban deer translocation 
program. Collaboration and cost-sharing was crucial to this project and we recommend 
utilizing cost-sharing in any urban deer program. Our cost tables provided in the results 
(Table 2-3) can be used by others to approximate costs for their own capture and 
translocation projects relative to project-specific objectives. 
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TABLES AND FIGURES 
Table 2-1. Candidate Andersen-Gill models of mortality for translocated urban mule deer 
in Utah, USA, 2014-2016, number of parameters (K), Akaike’s Information Criterion 




Model K AICc Δ w 
year after release + age × injury + strata(sex) 4 1090.74 0.00 0.32 
group + age × injury + strata(sex) 5 1091.44 0.69 0.22 
year after release × age × injury + strata(sex) 5 1092.51 1.77 0.13 
cohort + age × injury + strata(sex) 4 1093.29 2.55 0.09 
age x injury + strata(sex) 3 1094.84 4.10 0.04 
cohort × age × injury + strata(sex) 7 1095.66 4.92 0.03 
group × age × injury + strata(sex) 9 1095.68 4.93 0.03 
study year + age × injury + strata(sex) 4 1096.81 5.38 0.02 
release site + age × injury + strata(sex) 4 1096.81 4.30 0.04 
study year × age × injury + strata(sex) 7 1098.07 4.78 0.03 
injury + strata(sex) 1 1099.34 4.50 0.03 
strata(sex) 0 1101.82 6.16 0.01 
release site × age × injury + strata(sex) 7 1102.20 6.53 0.01 
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Table 2-2. Coefficients, hazard ratios, 95% confidence intervals and p-values for 
explanatory variables in the top-ranking Andersen-Gill model representing demographic, 
individual and year effects on survival of female and male urban mule deer translocated 
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Table 2-3. The total cost (USD), deer captured, and cost per capture for urban mule deer 
translocated from the city of Bountiful to rural locations in Utah during a research study 
from 2014 to 2016. 
 
 
aUDWR labor based on the addition of 2 full-time benefited technician positions 
bVolunteer wage based on UDWR's Dedicated Hunter program labor valuation at 
$21.44/hr 
cBased on Utah mileage reimbursement at $0.34/km 
dResearch cost which would not be included in long-term urban deer management costs 
eClover traps were owned by UDWR and not purchased by the research project 
†Up-front equipment costs  
  Study year   
Cost source 2014-2015 2015-2016 Total 
Radio telemetry device and disease testing      
supplies 
$24,783 $26,517 $51,300 
Bait $405 $270 $675 
UDWR labora $108,992 $108,992 $217,984 
Bountiful city labor $17,052 $10,080 $27,132 
Volunteer laborb $20,395 $12,189 $32,583 
Kilometers drivenc $5,352 $2,855 $8,207 
Telemetry monitoring flightsd $12,800 $24,800 $37,600 
Clover traps (netting and labor)e† $6,636   $6,636 
40-foot drop net and poles† $4,630   $4,630 
Stock trailer and customization† $15,683   $15,683 
Stock trailer registration and maintenance $345 $345   
Total cost $217,073 $186,048 $403,121 
Total cost without volunteer labor $179,248 $149,059 $327,617 
Deer captured 200 194 394 
Cost per deer $1,085 $959 $1,023 
Cost per deer without volunteer labor $896 $768 $832 
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Table 2-4. The total cost (USD) borne by stakeholder groups for translocating urban 
mule deer from the city of Bountiful to rural locations in Utah during a research study 
from 2014 to 2016. 
 
  
  Study year   
Stakeholder 2014-2015 2015-2016 Total 
UDWR $160,922 $160,936 $321,858 
Bountiful city $17,052 $10,080 $27,132 
Volunteers and donations $39,099 $15,032 $54,131 
Total cost $217,073 $186,048 $403,121 
Total cost without volunteers and donations† $177,974 $171,016 $348,990 
        
†Monetary value attributed to volunteer time and donations which are otherwise 
invaluable 




Figure 2-1. Capture and release areas for translocated urban mule deer in Utah, 2014-
2015 and 2015-2016.  





Figure 2-2. Annual survival probabilities and 95% confidence intervals (error bars) for 
female (top row) and male (bottom row) mule deer that were translocated from an urban 
location and then monitored in rural areas of Utah, according to age (x-axis), the first 
year after release (solid circles and error bars) vs. the second year after release (open 
circles and dashed error bars), and whether the individual had an injury at the time of 
release (right column) or not (left column). Note that age values for estimates in the 
second year after release were adjusted by 0.1 to facilitate comparison. Also note that 
error bars approaching the boundary limits of 0 and 1 indicate deficiency in the at-risk 
sample of marked mule deer for making such extrapolations, in large part because the 
sample had died out for given combinations of age, sex, year after release, and injury 
categories. 
  





Figure 2-3. Annual survival estimates (S) and 95% confidence intervals for 2.5-year old 
female radio-marked mule deer translocated from an urban area to a rural area in Utah 
2014-2016 compared with resident adult (≥1.5 year-old) female radio-marked mule deer 
in representative areas in Utah, 2014-2015. Estimates for translocated deer were derived 
from the top-ranking Andersen-Gill model including the effect of age, injury and year 
after release. Estimates for radio-marked resident deer based on Kaplan Meier model (H. 
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CHAPTER 3 
ATTITUDES AND PERCEPTIONS TOWARDS URBAN MULE DEER PRE- 
AND POST-MANAGEMENT IN UTAH 
 
ABSTRACT 
The issue of “overabundant” urban mule deer (Odocoileus hemionus) is a 
relatively new phenomenon throughout much of western North America. Wildlife 
managers in Utah have begun using herd reduction techniques, including translocation, to 
mitigate these issues in cities and suburbs along the Wasatch Front. Understanding 
residents’ attitudes towards the deer, problems caused by deer, and management options 
is crucial in assessing the overall efficacy of an urban deer management program. In 
winter 2014-2015 and 2015-2016, the Utah Division of Wildlife Resources (UDWR) 
captured and translocated 465 deer from Bountiful, Utah, and released them into wild 
areas far from the urban capture area. We studied longitudinal change in attitudes and 
beliefs pre- and post-translocation towards mule deer, as well as cross-sectional 
differences among respondents. In 2014, we used a telephone survey to sample 488 
Bountiful, Utah residents pre-translocation. In 2016, we resampled 247 original 
respondents for the longitudinal panel and 462 new respondents for the cross-sectional 
analysis post-translocation. To assess change in individuals’ attitudes, we conducted 
paired t-tests using our longitudinal panel. To determine factors influencing attitudes, we 
conducted multinomial logistic regressions using our cross-sectional data set. Damage to 
gardens and landscaping and vehicle collisions were viewed as the most serious problems 
caused by the deer. The majority of residents across sample groups believed trap and 
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relocation was the most acceptable management solution. Compared to 2014, fewer 
longitudinal respondents in the 2016 survey agreed with the statement there were too 
many deer in Bountiful. Among our multinomial logistic regressions, damage to gardens 




Human populations across the United States have increased, expanded, and have 
developed rural and wildland landscapes into urban and suburban areas (White et al. 
2009). As human encroachment on the land expands, some wildlife species such as 
coyotes (Canis latrans), racoons (Procyon lotor) and deer (Odocoileus spp.) are able to 
adapt and thrive in suburban settings (Markovchick-Nicholls et al. 2008, Ordenana et al. 
2010, Bateman and Fleming 2012, Lowry et al. 2013). When species become 
overabundant they frequently come into contact with humans, which can lead to negative 
interactions and human-wildlife conflicts (Conover 2002, Adams and Lindsey 2010). In 
order to address and resolve human-wildlife conflicts, wildlife managers need to have an 
understanding not only of the biological side of overabundant wildlife, but also 
understand human dimensions and underlying drivers of the public’s attitude towards 
wildlife and wildlife management (Manfredo et al. 2009, Decker et al. 2001). 
Social science has had an increasing value in applications of wildlife management 
(Decker et al. 2001, Riley et al 2002, Vaske 2008, Manfredo et al. 2009). One such 
application is the use of human dimensions research to further understand the public’s 
attitudes toward wildlife and management of wildlife. This is especially important when 
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addressing human-wildlife conflicts in urban areas. As the US population has become 
increasingly urbanized, attitudes toward wildlife have also shifted (Manfredo and Zinn 
1996, Manfredo et al. 2003). What was once dominated by a utilitarian view of wildlife 
(associated with hunting and use of wildlife) has shifted to a more appreciative or 
protectionist view (associated with affection for wildlife and concern for individual 
animals) (Manfredo et al. 2003). Attitudes are shaped by these value orientations and can 
be defined as judgements about a particular wildlife species or management action. 
Attitudes are generally either positive or negative and give insight as to how a person or 
group of people may react to a particular situation (Decker et al. 2001). For example, a 
negative attitude towards hunting may indicate that the person or group would disagree 
with the use of hunting as a tool to reduce urban deer. Understanding the public’s 
attitudes toward wildlife and wildlife management is a crucial part of human-wildlife 
conflict mitigation. 
Overabundant urban deer present a particularly challenging human-wildlife issue 
for which human dimensions has played a major role in comprehending the complexities. 
Attitude research has been used to understand views of urban deer population levels 
(Decker and Gavin 1987, Stewart 2011, Urbanek et al. 2013), thresholds for tolerance 
(Connelly et al. 1987, Decker and Gavin 1987, Kansky and Knight 2014), perceptions of 
conflict with deer (Urbanek et al. 2013), and preferred management methods (Messmer et 
al. 1997, Loker et al. 1999, Dougherty et al. 2003, Kilpatrick et al. 2007, Urbanek et al. 
2012). Most human dimensions studies of urban deer are conducted before management 
interventions or after long-term management has been in place for a length of time. In 
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Illinois, where urban deer control had been in place for a minimum of 5 years, Urbanek et 
al. (2013) found no difference in perception of deer density between residents living near 
high- or low- density areas; both groups perceived the deer population as perfect, not too 
many nor too few deer. However, those living in urban areas were more likely to perceive 
the deer population as increasing when compared to rural residents. In Indiana, 
liberalized hunting in urban deer zones had been in place for more than 10 years, 
however residents still perceived an increase in the deer population (Stewart 2011). In 
both studies, the key drivers of attitudes towards deer were whether residents experienced 
damage caused by deer or were involved in a deer vehicle collision (Stewart 2011, 
Urbanek et al. 2013). 
Surveys can provide managers with information regarding the public’s attitudes 
and perceptions, however these surveys are usually conducted once or with a cross-
sectional approach, and rarely comprise a longitudinal panel survey. On Hilton Head 
Island, South Carolina, Henderson et al. (2000) used a longitudinal survey to test 
resident’s perceptions before and after an urban deer herd reduction and found that 
permanent residents were able to accurately perceive a 50% herd reduction. The benefits 
of a longitudinal survey are that the human demographics remain the same and the 
change among individuals is easily assessed across time (Frees 2004). Studies like these, 
however, are rare and few have examined attitudes at the individual and population level 
before and after implementation of management actions. This also true of research at the 
interface between urban deer and human-wildlife conflict management.  
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Similar to other parts of the United States, Utah has become increasingly 
urbanized and much of the growth has occurred along the Wasatch Front, a 130 km 
highly urbanized corridor where approximately 75% of Utah’s population resides (~ 2.7 
million people; U.S. Census Bureau 2012). Utah’s population is projected to continue 
growing and reach 5 million people by 2050 (Perlich et al. 2017). Conversely, mule deer 
(Odocoileus heminous) populations in wildland areas have experienced historical 
declines in the Intermountain West (Workman and Low 1976, Unsworth et al 1999) 
Wildland deer populations in Utah have remained relatively stable for the past ~20 years 
(Bernales et al. 2017). However, there is a perceived increase in mule deer populations in 
urban areas. Over the past few years, managers have spent an increasing amount of time 
and money to respond to urban mule deer complains and conflicts. Recently, managers 
have been examining translocation as a method to reduce urban mule deer and their 
associated conflicts. 
 Our goal was to examine Bountiful, Utah, residents’ perceptions and attitudes 
toward urban mule deer before and after a 2-year pilot trap and translocation program to 
assess the efficacy of the program to reduce deer and associated human-wildlife conflicts. 
To achieve this goal, our first objective was to determine change in the public’s attitudes 
toward deer, their perceptions of problems caused by deer, and their attitudes toward 
management actions after 2 years of a trap and translocation program. Our second 
objective was to identity which factors influenced the public’s attitudes towards deer and 
deer reduction management actions. Results from this study will clarify our 
understanding of the drivers of attitudes toward urban deer and urban deer management 
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actions, and alongside demographic studies of the deer (Chapter 2), enhance our 
understanding of the viability of using translocation as an urban deer management tool.  
 
STUDY AREA 
Bountiful, Utah, in Davis County, is a northern suburb of Salt Lake City with an 
area of 34.89 km2 containing an estimated population of 43,943 people in 2016 (U.S. 
Census Bureau 2018). Bountiful is situated along the foothills of the Wasatch Front; it is 
bounded by Interstate-15 to the west at an elevation of approximately 1,300 m and rises 
to 1,700 m in the east where the city is adjacent to U. S. Forest Service (USFS) land and 
the Wasatch Mountains. Commercial property dominates the lower western part of the 
city, leading to primarily residential properties as one moves east through the city. 
Manicured city parks are scattered throughout the residential sections and multiple 
mountain streams flow down westward from the mountains in steep Gambel oak 
(Quercus gambelii) draws. 
Bountiful has been on the forefront of urban mule deer issues in Utah for many 
years. In 2010, the Utah Division of Wildlife (UDWR) began a traditional sharpshooting 
program to reduce deer within city limits, however, due to public outcry, the program 
was halted after only a few days (S. McFarlane, UDWR, personal communication). 
Because of the public opposition to lethal control, Bountiful presented a unique 
opportunity to assess translocation as an alternative non-lethal method of reducing the 
urban deer population and associated human-wildlife conflicts. During the winter 2014-
2015, the UDWR began an urban deer trap and relocation program in Bountiful and 
removed 200 deer. The following winter, 2015-2016, the UDWR trapped and relocated 
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another 265 deer. Of these 465 deer, 215 were part of a study to assess survival rates of 






We used a telephone questionnaire administered to a randomized sample of 
Bountiful residents in 2014 and again in 2016 for this longitudinal panel and cross-
sectional survey. In 2014, we developed a 14-item telephone questionnaire that the 
UDWR administered using a professional telephone survey company (Systems 
Consultants, SCI, Fallon, NV). Telephone numbers of utility customers were obtained 
from Bountiful, including landlines and cellular phone numbers. Our goal was to reach 
Bountiful residents, therefore we removed listings outside of the Bountiful city limits, 
business listings, and duplicate entries. After cleaning the list, we had 13,226 residential 
customers from which to pull our sample. We randomized the order of entries and 
instructed the survey company to call down this list until the requested sample size was 
obtained. For the 2016 survey, we obtained a current Bountiful utility customer list and 
followed the same procedures as in 2014. Utilizing the same telephone survey company, 
we attempted to reach as many of the 2014 respondents as possible and obtained an 
additional sample of new respondents for the cross-sectional analysis and to enlarge the 
total sample of respondents. Since the life history of mule deer changes through the 
seasons (females are solitary during spring fawning but form larger mixed sex herds in 
winter), we administered both surveys during late fall to account for potential seasonal 
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bias. Additionally, we administered surveys prior to the commencement of the trap and 
relocation program for that year. We followed general recommendations for 
administering telephone surveys (Vaske 2008, Dillman 1978). Survey administration and 
implementation was approved by the Utah State University Institutional Review Board 
(Protocol # IRB-7966). 
 
Survey Instrument 
The survey questionnaire was comprised of a series of predictor questions and 
Likert-style response statements. To facilitate longitudinal analysis across years, the 
questions remained the same for both survey years with one additional question asking in 
which season were deer a problem in the 2016 questionnaire. Because we were interested 
in identifying relationships between homeownership and length of residency on the 
perceptions of deer in Bountiful, we did not include demographic questions such as sex 
or age. Our primary predictor variables included questions about whether the respondent 
owns or rents their home, how many years they had resided in Bountiful, and whether 
they were aware of the trap and relocation program that was to begin in winter 2014.  Our 
response variables were grouped into 3 categories; attitudes toward deer in the city, 
perceptions of problems deer may cause, and acceptance of deer management options. 
Bountiful city officials had conducted a mail back questionnaire about deer in 2009 that 
included 2 questions. To maintain consistency, we retained those 2 questions in the 
section on attitudes about deer (are there too many deer in Bountiful, and should 
something be done to reduce deer in city limits). The third statement in the attitudes 
toward deer category was whether residents should learn to live with deer. We also asked 
  58 
 
about 4 different problems deer cause: vehicle collisions, damage to gardens and 
landscaping, confrontations with pets or people, and general mess left in yards, based on 
the most common types of complaints received by the UDWR. The 3 types of acceptable 
management actions included in the survey were methods approved by the UDWR for 
reduction of urban mule deer: trapping and translocation, trapping and euthanization, and 
lethal control using trained archers. Response variables measuring attitudes towards deer 
and perceptions of management options used a Likert scale with choices from 1 = 
strongly disagree to 5 = strongly agree. Response variables measuring perceptions of 
problems that deer may cause used a 4-point Likert scale from 1 = not a problem to 4 = 
serious problem. Choices for season of deer problem were 1 = not a problem, 2 = winter, 




We conducted paired t-tests using the longitudinal panel’s responses to assess 
differences in attitudes, perception of problems, and acceptance of management actions 
before (2014) and after (2016) the 2-year trap and relocation program. We used 
multinomial logistic regression (MLR) to regress multinomial responses (agree, neutral, 
disagree) to 6 separate questions (see Table 3-1), each of the 3 questions about attitudes 
towards deer and the 3 questions about attitudes towards acceptable management actions. 
The multinomial responses were regressed against a set of independent explanatory 
variables (see Table 3-2). To boost sample size, we combined unique individuals’ 
responses from the cross-sectional respondents for 2014 and 2016. Any incomplete 
surveys were removed for this analysis. Our explanatory variables included survey year, 
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homeownership, awareness of the trap and relocation program, years lived in Bountiful, 
deer trap zone, and all 4 of the perception of problem variables: vehicle collisions, 
damage to gardens and landscaping, confrontations with pets or people and general mess 
left in yards (Table 3-2). To assess whether location within the city (e.g. proximity to the 
USFS boundary) and whether active trapping within a location influenced respondents, 
we created the new predictor variable, deer trap zone (Fig. 3-1). We divided the city into 
4 zones based on proximity to the urban core or mountain edge and whether the UDWR 
conducted deer trapping within that zone during the study period (urban core minimal 
effort; urban core high effort; mountain proximate high effort; mountain proximate 
minimal effort). To reduce multicollinearity, we standardized ([value - mean]/standard 
deviation) the one continuous variable: years lived in Bountiful. Because we had a 
relatively small number of explanatory variables, we used a backwards instead of a 
forwards stepwise regression. For all 6 MLR models, we used all explanatory variables in 
the full model and implemented a backwards stepwise model selection using the 
Bayesian Information Criteria (BIC) (Schwarz 1978, Draper and Smith 1998). BIC is a 
more conservative scoring statistic than Akaike's Information Criteria (AIC), therefore 
reducing possible extraneous variables in the models. To analyze data, we used SPSS 
(IBM Corp. Released 2015. IBM SPSS Statistics for Windows, Version 23.0. Armonk, 
NY) statistical package to conduct paired t-tests. We used the nnet package in program R 
(R Version 3.3.3, www.r-project.org, accessed 1 Apr 2017) to conduct MLR. We used α 
= 0.05 as the threshold for assessing parameter significance throughout analysis.  
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RESULTS 
We sampled a total of 488 residents in 2014 and reached 247 of those respondents 
again in 2016. We sampled an additional 464 new respondents for the 2016 survey. The 
longitudinal panel consisted of the 247 respondents which were surveyed in 2014 and 
again in 2016. The cross-sectional group totaled all 488 respondents from 2014 and the 
464 new respondents in 2016. Among our cross-sectional group, the proportion of 
residents owning their home was similar across survey years, with 83% of respondents in 
2014 reporting they own their home and 82% of respondents in 2016 (P = 0.849). In 
2016, the U.S. Census Bureau reported a similar rate of 73% owner-occupied housing 
units in Bountiful (U.S. Census Bureau 2018). Length of residency was also similar 
across study years with a mean length of residency of 24 years in 2014 and 22 years in 
2016 (P = 0.229). In contrast, respondents’ awareness of the trap and translocation 
program increased marginally from 26% to 32% (P = 0.064). 
In 2014, a plurality of respondents (47%) agreed that there were too many deer in 
Bountiful. A plurality also agreed that something should be done to reduce numbers 
(44%), while 38% disagreed with reducing deer numbers (Appendix B, Table B-1). An 
even greater percentage (58%) held the attitude that deer are native and residents should 
learn to live with them. More respondents perceived damage to gardens and landscaping 
as a moderate or severe problem (59%), followed by vehicle collisions (46%), general 
mess (34%) and confrontations with pets or people (27%). This held true for 2016 
respondents who perceived damage to gardens as the most severe problem. Trap and 
relocation was the most acceptable management option in 2014 (60%) and in 2016 
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(67%), followed by archery, and trap and euthanize. For both years, more people 
disagreed than agreed that trap and euthanize was an acceptable management action. In 
2016, respondents indicated that winter (32%) was the season with the most deer 
problems followed by spring and summer (15% each) and fall (10%). More than a quarter 
of residents believed deer were not a problem in any season (28%).  
 
Longitudinal Panel Results 
 For the 3 measures of attitudes towards deer within the longitudinal panel, paired 
t-tests revealed a decrease in the perception of too many deer across years (P = 0.001) 
(Table 3-3). In 2016, although fewer respondents agreed with the statement that there are 
too many deer in Bountiful, the mean remained above the neutral midpoint of 3.0. 
Respondents’ attitudes toward doing something to reduce deer was slightly above neutral 
and remained constant across years (P = 0.369). Respondents strongly agreed with the 
statement that deer are native and that we should learn to live with them; this attitude 
remained constant across years (P = 0.495). Conversely, there were no differences 
between years among the longitudinal panel in the perceived severity of problems across 
the 4 types of problems. Perceptions of damage to gardens and landscaping and vehicle 
collisions were above the midpoint of 2.5 across both years, while complaints about 
confrontations and general mess were below the midpoint. Among the management 
actions, support for trap and relocation increased by 7% across years. Mean levels of 
support were highest for trap and relocation, above the neutral midpoint of 3.0 across 
years. Mean levels of support for both lethal management actions (trap and euthanize or 
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using trained archers) were neutral in 2014 and remained constant in 2016 (P = 0.320, P 
= 0.124). 
At the individual level, 51% of respondents reported no change in their attitude 
towards doing something to reduce deer (Table 3-4). Similarly, just over half of 
individual respondents reported no change in their belief that people should learn to live 
with deer. When we compared the severity of problems across individuals, a majority of 
respondents reported no change in the severity of problems for damage to gardens and 
landscaping, confrontations and general mess (Table 3-5). Across the 4 problem types, a 
similar number of respondents reported an increase as those who reported a decrease in 
severity of problems. On an individual level, more respondents reported decreased 
acceptance of trap and euthanize compared with those who increased their support, 
however this change in individual support did not change the overall respondent mean 
(Table 3-5). More respondents were aware of the ongoing urban deer trap and relocation 
program in 2016 than in 2014 (P < 0.001), however awareness among the longitudinal 
panel was still below 50%. 
 
Multinomial Logistic Regression 
The multinomial logistic regression analysis included the initial sample of 488 
individuals, and the additional sample of 464 individuals who were surveyed in 2016 but 
not in 2014. We removed 7 incomplete surveys for a total of 945 unique respondents. 
Among our 6 regressions, survey year, homeownership, and location within the city 
(zone) did not appear as predictors in any of the top models. Awareness of the program 
was an important predictor in three of the top models, and length of residency appeared in 
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one top model. Overall, three problem types (damage to gardens and landscaping, general 
mess, and vehicle collisions) were the most common predictors. In the final models from 
the backwards stepwise regression, damage to gardens and landscaping was the most 
influential, appearing as a supported explanatory variable for responses to all 6 questions. 
While damage was the most influential predictor for the response of too many 
deer, the problem of general mess, awareness of the trap and relocation program and 
length of residency were also important predictors (Table 3-6, Fig. 3-2). Respondents 
who reported damage to gardens and landscaping as a severe problem were 8.7 times (SE 
= 0.40, P < 0.001) more likely to agree than to be neutral towards the statement that there 
are too many deer. For respondents who were aware of the trap and relocation program, 
the likelihood that they would agree with the statement that there are too many deer, 
versus being neutral, increased by a factor of 2.3 (SE = 0.25, P < 0.001).  
In our best regression model for the belief that something should be done to 
reduce deer, 4 variables were influential; awareness, damage, collisions, and mess (Table 
3-7, Fig. 3-3). The most influential variable was damage to gardens and landscaping. 
Respondents who perceived damage to be severe were 8.0 times (SE = 0.43, P < 0.001) 
more likely to agree, versus being neutral, that the deer population should be reduced. 
Respondents’ awareness of the trap and relocation program was also influential in their 
attitude that something should be done to reduce deer; those who were aware of the 
program were 2.9 times more likely to agree with than to respond as neutral about 
managing the deer (SE = 0.26, P < 0.001).  
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For the response that deer are native and we should learn to live with them, our 
top-ranking model included 2 variables; damage to gardens and landscaping and general 
mess (Table 3-8, Fig. 3-4). Respondents who perceived damage as severe, versus 
perceiving no problem, were 3.9 times (SE = 0.256 P = 0.015) more likely to disagree 
with the statement than to respond as neutral. A similar pattern emerged for those who 
perceived general mess left by deer as a severe problem. Those respondents, as opposed 
to those who perceived that general mess was not a problem, were 3.1 times (SE = 0.41, 
P = 0.005) more likely to disagree than to feel neutral about learning to live with deer. 
In our best regression model for the response toward trap and relocation as a 
management action, the explanatory variables awareness and damage were retained in the 
top model (Table 3-9, Fig 3-5). Of those variables, awareness was a more important 
predictor than damage to gardens and landscaping for acceptance of trap and relocation; 
those who were aware of the program were 2.2 times (SE = 0.25, P = 0.002) more likely 
to agree with trap and relocation than to remain neutral. 
For the lethal control management action regression models, damage to gardens 
and landscaping was retained as the only explanatory variable in the top models (Table 3-
10, Table 3-11, Fig. 3-6, Fig 3-7). These models displayed similar patterns of acceptance; 
respondents who perceived damage as severe were more likely to agree than to remain 
neutral, and more likely to remain neutral than to disagree with either lethal management 
method. 
Across the 6 multinomial logistic regression models, damage to gardens and 
landscaping was the most common predictor. Residents who experienced severe damage 
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to gardens or landscaping were more likely to believe there were too many deer and deer 
populations should be reduced. This group was also more likely to agree with the lethal 




 We determined that over a short-term (2 year) trap and relocation urban deer 
management program, attitudes towards deer and the severity of problems caused by deer 
remained stable. However, we detected a slight decrease in the proportion of residents 
who believed there were too many deer. We found the primary driver of attitudes towards 
deer was heavily influenced by the severity of damage to gardens and landscaping. 
Similar to other studies in locales where there had been no lethal deer control, 
public support was higher for trapping and relocation than for archery or trapping and 
euthanization (Messmer et al. 1997, Stout et al. 1997). In contrast, in Indiana and New 
York, where longer-term lethal deer control methods had been in place, the use of 
hunting or other lethal methods were preferred over trapping and relocation (Lauber and 
Knuth 2000, Stewart 2011). Surveys administered to state wildlife management agency 
deer biologists indicated they supported the use of controlled hunting or sharpshooting 
over trapping and relocation to reduce urban white-tailed deer (Odocoileus virginianus) 
populations (Messmer et al. 1997, Urbanek et al. 2011).  
 Using a longitudinal panel design, we determined the change in attitudes toward 
deer, perception of problems, and attitudes towards management actions before and after 
2 years of an urban mule deer trap and translocation program. A lower proportion of the 
longitudinal panel perceived there were too many deer after 2 years of deer removals in 
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Bountiful, however the effect size indicated only a minimal relationship. In South 
Carolina, permanent residents accurately perceived an actual decrease in deer numbers 
after an experimental removal of 50% of an urban deer herd (Henderson et al. 2000). 
While we did not obtain population or density estimates for deer within city limits, the 
UDWR estimates mule deer populations annually for each wildlife management unit. The 
wildlife management unit (WMU) of which Bountiful is within, East Canyon WMU, has 
seen a marked increase in the mule deer population since 2008, and a 19% increase in 
mule deer populations from 2014 to 2016 (Bernales et al. 2017, E. Anderson, UDWR 
personal communication). This increase in the deer population around Bountiful could 
indicate that we removed a smaller proportion of the population than anticipated, which 
could account for the small effect size in the change in perception of the amount of deer. 
While the number of people who perceived the deer population to be too high 
decreased, the perceived severity of problems caused by deer did not change. This could 
indicate that while enough deer were removed for some residents to perceive fewer deer, 
the remaining deer continued to be involved in vehicle collisions or cause damage to 
gardens and landscaping. Conversely, it could indicate a lag between when problems 
actually decrease and when they are perceived to decrease. While there were 2 growing 
seasons between our surveys, residents may need a third growing season to see gardens 
and landscaping recover from overbrowsing by deer (Kilpatrick and Walter 1999). 
Urbanek et al. (2013) found that after urban deer management had been in place for a 
minimum of 5 years, residents living in urban or high deer density areas perceived 
damage to property as more severe than did residents in rural or low deer density areas. 
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The increase in support for trap and relocation coincides with an increase in the 
awareness of the program. Residents may be inclined to increase support for this method 
when they have more information about it, which could have occurred due to publicity 
and local media coverage during our study (Lauber and Knuth 2004, Stewart 2011, 
Knackmuhs and Farmer 2017). Support did not change for either archery or trapping and 
euthanization; as attitudes towards trap and relocation became more positive, attitudes 
towards lethal management option did not become more negative. This could indicate 
that attitudes toward lethal control of urban deer are rooted in a person’s values toward 
wildlife. Wildlife value orientations are more broad beliefs but deeply held, which makes 
them slower to change (Decker et al. 2001). 
Among our multinomial logistic regressions, damage to gardens and landscaping 
was the strongest predictor of respondent’s attitudes towards urban deer and urban deer 
management. Of the problem predictors, perceptions of damage and general mess were 
influential in respondents’ perceptions of the amount of deer in Bountiful. Among our 
lethal control regressions, respondents who perceived damage to gardens and landscaping 
were more likely to agree with or feel neutral towards either lethal management action. 
Similar to other studies on drivers of attitudes toward urban deer, we found that as 
severity of damage increases, respondents are more likely to support deer reduction and 
less likely to have a positive attitude toward deer (Decker and Gavin 1987, West and 
Parkhurst 2002, Siemer et al. 2004, Urbanek et al. 2013). The predictor of ‘awareness of 
the trap and relocation program’ was important among 3 of the questions: there are too 
many deer in Bountiful, something should be done to reduce deer, and trap and relocation 
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as a management action. This could indicate that people who held these attitudes towards 
deer were actively seeking solutions to their deer problems. Alternatively, it could 
indicate that people who were aware that the program was to be implemented inferred 
that there must be too many deer in the city and they may support a management action 
that is approved by the city and UDWR.  
Our seasonality question included in the 2016 survey indicated winter was the 
season with the most severe deer problems. Urbanized areas along the Wasatch Front are 
situated along the foothills in what was traditionally mule deer winter range. If some 
mule deer are still using these areas as winter habitat leading to an increase in winter deer 
numbers in the city, this could partially explain why winter is perceived to have more 
severe urban deer problems. Mule deer tend to live in larger social groups during the 
winter, and with less hiding cover and frequent snows they may be more visible to 
residents. Vehicle collisions with mule deer also increase in the winter (Utah Wildlife 
Vehicle Collision Reporter, unpublished data). While winters are generally too harsh for 
vegetable gardens, ornamental landscaping such as roses (Rosa spp.) and euonymus 
(Euonymus spp.) are still available for deer to browse, potentially triggering residents to 




 Our results indicate that public attitudes towards trap and relocation of urban mule 
deer became more positive as awareness of the program also increased. Residents who 
experienced damage caused by deer were most likely to support either of the lethal 
management actions to reduce deer numbers. We captured and removed 465 deer from 
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Bountiful during the 2-year study, and while fewer residents perceived there were too 
many deer after this short-term removal plan, perceptions of deer-caused damage did not 
change, and residents continued to want deer numbers to be reduced. Urban deer 
reduction programs must be implemented as a long-term program for residents to 
perceive more impactful results in the form of reduced problems and damage caused by 
deer. We do not know what proportion of the total population was removed, or how many 
more deer would need to be removed for residents to perceive a decrease in damage. 
Without an understanding of the population dynamics and movements of deer in the city, 
it is impossible to determine the number of deer to remove in order to create the desired 
effect of an urban deer reduction program. Resources should be invested in estimating 
actual changes in urban deer abundance caused by removal programs to decouple 
unsupported beliefs from accurate human perceptions of their surrounding environment. 
To evaluate social science impacts of deer reduction for ongoing programs, 
recurrent surveys should be administered approximately every 2 years to assess short-
term changes or every 5 years to assess longer-term outcomes. Urban deer reduction 
programs may take several years before management actions translate into more positive 
attitudes, and a reduction in damage experienced by residents. Conducting surveys at 
these intervals, coupled with monitoring urban deer populations and movements, will 
allow managers to evaluate change in perceptions of deer numbers and damage 
experienced as well as actual changes in deer abundance. This information can then be 
used to implement adjustments in order to achieve urban deer management goals. 
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TABLES AND FIGURES 
Table 3-1. Focal questions and possible response variables used for multinomial logistic regression model selection for attitudes 




Attitudes towards deer   
     There are too many deer in Bountiful Strongly Agree, Agree, Neutral, Disagree, Strongly Disagree 
     Do something to reduce deer numbers Strongly Agree, Agree, Neutral, Disagree, Strongly Disagree 
     Deer are native and we should learn to live with them Strongly Agree, Agree, Neutral, Disagree, Strongly Disagree 
Acceptance of management actions   
     Trap and relocate Strongly Agree, Agree, Neutral, Disagree, Strongly Disagree 
     Trap, euthanize, and donate the meat Strongly Agree, Agree, Neutral, Disagree, Strongly Disagree 
     Trained and certified archers Strongly Agree, Agree, Neutral, Disagree, Strongly Disagree 
    




Table 3-2. Explanatory variables and respondent levels used in the multinomial logistic regression model selection for attitudes 
towards urban deer and attitudes towards urban deer management actions in Bountiful, Utah, USA, 2014 and 2016. 
 
 
Explanatory variable Survey information Levels 
Demographic characteristics     
     Year Year survey was administered 2014 or 2016 
     Own Homeownership Rent or Own 
     Year liveda Number of years lived in Bountiful 1-85 years 
     Aware Awareness of trap and relocation 
program Yes or No 
     Zone Determined by UDWRb urban deer      
trapping areas 
Urban core minimal effort; Urban core 
high effort; Mountain proximate high 
effort; Mountain proximate minimal 
effort 
Perceptions of problems caused by deer     
     Collisions Vehicle collisions with deer No problem; Slight; Moderate; Severe 
     Damage Deer damage to gardens and 
landscaping No problem; Slight; Moderate; Severe 
     Confrontations Confrontations by deer with people 
or pets No problem; Slight; Moderate; Severe 
     Mess General mess left by deer in yards No problem; Slight; Moderate; Severe 
      
aUsed as continuous variable. Years lived in Bountiful ranged from 1 to 85 years.  






Table 3-3. Means of Likert-scale measures, change in means, test statistics, P-values and effect sizes (reported as a proportion) for a 
paired t-test of the level of agreement and severity of problems reported by longitudinal panel before and after two years of an urban 







Variable 2014 𝒙𝒙 2016 𝒙𝒙 Δ𝒙𝒙 t P Effect size 
Aware of programa 0.28 0.47 0.19 4.967 < 0.001 0.66 
Attitudes towards deerb       
     There are too many deer in Bountiful 3.38 3.15 -0.23 -3.274 0.001 -0.07 
     Do something to reduce deer numbers 3.19 3.13 -0.06 -0.901 0.369 -0.02 
     Learn to live with deer 3.47 3.52 0.04 0.683 0.495 0.01 
Perception of problemsc       
     Vehicle collisions 2.51 2.56 0.05 0.804 0.422 0.02 
     Damage to gardens and landscaping 2.78 2.73 -0.05 -0.816 0.415 -0.02 
     Confrontations with pets or people 1.87 1.88 0.02 0.268 0.789 0.01 
     General mess 2.06 2.09 0.02 0.390 0.697 0.01 
Acceptance of management actionsb       
     Trap and relocate 3.49 3.72 0.23 2.746 0.006 0.07 
     Trap and euthanize 3.00 2.91 -0.09 -0.996 0.320 -0.03 
     Trained archers 3.00 2.88 -0.12 -1.543 0.124 -0.04 
             
aSurvey used a Likert-style measure where 0=no and 1=yes. 
bSurvey used a Likert-style measure where 1=strongly disagree, 2=disagree, 3=neutral, 4=agree, 5=strongly agree. 
cSurvey used a Likert-style measure where 1=not a problem, 2=slight problem, 3=moderate problem, 4=serious problem. 
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Table 3-4. Percentage of longitudinal panel respondents whose attitudes towards urban 
mule deer and management actions to reduce urban mule deer differed between 2014 and 












Attitudes towards deer    
     Too many deer 37 43 20 
     Reduce deer numbers 27 51 22 
     Learn to live with deer 23 53 24 
Management action    
     Trap and relocate 22 40 38 
     Trap and euthanize 35 38 26 
     Trained archers 29 45 26 
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Table 3-5. Percentage of longitudinal panel respondents whose perception of urban mule 



















Vehicle collisions 27 43 30 
Damage to gardens and landscaping 24 56 20 
Confrontations with pets or people 22 54 24 





Table 3-6. Coefficients, standard errors, exponentiated coefficients, Z-statistics and P-values for explanatory variables in the top-
ranking multinomial logistic regression model of perceptions of whether there are too many deer in Bountiful, Utah, 2014 and 2016. 
Reference category was "neutral". 
 
 
  Too many deer - agree   Too many deer - disagree 
Parameters β SE Exp(β) Z P   β SE Exp(β) Z P 
Intercept -0.90 0.29 0.41 -3.11 0.002   1.27 0.19 3.58 6.63 <0.001 
Aware of relocation program - yes 0.81 0.25 2.26 3.30 <0.001   0.20 0.25 1.22 0.82 0.412 
Years lived in Bountiful 0.42 0.12 1.53 3.66 <0.001   0.35 0.11 1.43 3.21 0.001 
Damage to gardens and landscapinga                       
     Slight 0.61 0.36 1.83 1.69 0.091   -0.09 0.27 0.92 -0.33 0.739 
     Moderate 0.73 0.35 2.07 2.10 0.035   -0.64 0.27 0.53 -2.36 0.018 
     Severe 2.17 0.40 8.72 5.37 <0.001   -1.06 0.42 0.35 -2.54 0.011 
General messa                       
     Slight 0.40 0.25 1.49 1.57 0.117   -0.57 0.23 0.57 -2.42 0.015 
     Moderate 1.20 0.33 3.33 3.69 <0.001   -0.50 0.36 0.60 -1.39 0.163 
     Severe 1.53 0.50 4.63 3.05 0.002   -1.18 0.76 0.31 -1.56 0.119 
                        







Table 3-7. Coefficients, standard errors, exponentiated coefficients, Z-statistics and P-values for explanatory variables in the top-
ranking multinomial logistic regression model of attitudes towards whether something should be done to reduce deer in Bountiful, 
Utah, 2014 and 2016. Reference category was "neutral". 
 
 
  Reduce deer numbers - agree   Reduce deer numbers - disagree 
Parameters β SE Exp(β) Z P   β SE Exp(β) Z P 
Intercept -1.26 0.36 0.28 -3.55 <0.001   1.56 0.23 4.75 6.84 <0.001 
Aware of relocation program - yes 1.08 0.26 2.93 4.10 <0.001   0.56 0.26 1.75 2.20 0.028 
Damage to gardens and landscapinga                       
     Slight 0.22 0.38 1.24 0.56 0.573   -0.25 0.28 0.78 -0.91 0.364 
     Moderate 0.76 0.38 2.14 2.02 0.043   -0.31 0.29 0.73 -1.06 0.287 
     Severe 2.08 0.43 7.97 4.82 <0.001   -0.45 0.41 0.64 -1.10 0.269 
Vehicle collisionsa                       
     Slight 0.34 0.33 1.41 1.03 0.305   -0.10 0.25 0.90 -0.41 0.685 
     Moderate 0.94 0.34 2.55 2.76 0.006   -0.38 0.28 0.68 -1.35 0.177 
     Severe 1.22 0.38 3.37 3.21 0.001   -0.80 0.37 0.45 -2.15 0.031 
General messa                       
     Slight -0.11 0.28 0.90 -0.39 0.698   -0.65 0.24 0.52 -2.73 0.006 
     Moderate 0.40 0.32 1.49 1.24 0.215   -1.10 0.34 0.33 -3.20 0.001 
     Severe 1.07 0.52 2.92 2.08 0.038   -1.38 0.70 0.25 -1.96 0.050 
                        





Table 3-8. Coefficients, standard errors, exponentiated coefficients, Z-statistics and P-values for explanatory variables in the top-
ranking multinomial logistic regression model of attitudes towards whether deer are native and residents should learn to live with them 




Deer are native and we should learn 
to live with them - agree   
Deer are native and we should learn 
to live with them - disagree 
Parameters β SE Exp(β) Z P   β SE Exp(β) Z P 
Intercept 2.51 0.27 12.26 9.22 <0.001   -0.98 0.49 0.38 -2.01 0.044 
Damage to gardens and landscapinga                       
     Slight -0.38 0.36 0.68 -1.08 0.280   0.00 0.61 1.00 0.00 0.997 
     Moderate -0.76 0.35 0.47 -2.19 0.028   0.64 0.56 1.90 1.15 0.251 
     Severe -1.73 0.37 0.18 -4.62 <0.001   1.37 0.56 3.94 2.44 0.015 
General messa                       
     Slight -0.48 0.26 0.62 -1.86 0.062   0.25 0.35 1.29 0.73 0.465 
     Moderate -0.78 0.29 0.46 -2.66 0.008   0.30 0.35 1.35 0.84 0.400 
     Severe -1.15 0.43 0.32 -2.71 0.007   1.14 0.41 3.11 2.80 0.005 
                        






Table 3-9. Coefficients, standard errors, exponentiated coefficients, Z-statistics and P-values for explanatory variables in the top-
ranking multinomial logistic regression model of attitudes towards trapping and relocation as a management action to reduce deer in 
Bountiful, Utah, 2014 and 2016. Reference category was "neutral". 
 
 
  Trap and relocation - agree   Trap and relocation - disagree 
Parameters β SE Exp(β) Z P   β SE Exp(β) Z P 
Intercept 1.09 0.23 2.98 4.80 <0.001   1.04 0.23 2.82 4.46 <0.001 
Aware of relocation program - yes 0.76 0.25 2.15 3.07 0.002   0.22 0.29 1.25 0.78 0.435 
Damage to gardens and landscapinga                       
     Slight 0.13 0.30 1.14 0.43 0.668   -0.46 0.32 0.63 -1.45 0.146 
     Moderate 0.37 0.30 1.45 1.25 0.213   -0.55 0.32 0.58 -1.70 0.089 
     Severe 0.50 0.29 1.65 1.73 0.084   -1.01 0.33 0.36 -3.09 0.002 
                        






Table 3-10. Coefficients, standard errors, exponentiated coefficients, Z-statistics and P-values for explanatory variables in the top-
ranking multinomial logistic regression model of attitudes towards trapping, euthanizing and donating the meat as a management 
action to reduce deer in Bountiful, Utah, 2014 and 2016. Reference category was "neutral". 
 
 
  Trap and euthanize - agree   Trap and euthanize - disagree 
Parameters β SE Exp(β) Z P   β SE Exp(β) Z P 
Intercept 0.80 0.29 2.24 2.76 0.006   2.09 0.26 8.12 8.15 <0.001 
Damage to gardens and landscapinga                       
     Slight -0.15 0.37 0.86 -0.40 0.693   -0.57 0.33 0.57 -1.71 0.087 
     Moderate 0.06 0.35 1.07 0.19 0.853   -1.01 0.32 0.36 -3.20 0.001 
     Severe 1.03 0.35 2.80 2.95 0.003   -1.43 0.34 0.24 -4.25 <0.001 
                        






Table 3-11. Coefficients, standard errors, exponentiated coefficients, Z-statistics and P-values for explanatory variables in the top-
ranking multinomial logistic regression model of attitudes towards using trained and certified archers as a management action to 
reduce deer in Bountiful, Utah, 2014 and 2016. Reference category was "neutral". 
 
 
  Trained and certified archers - agree   Trained and certified archers - disagree 
Parameters β SE Exp(β) Z P   β SE Exp(β) Z P 
Intercept 1.14 0.28 3.12 4.08 <0.001   1.98 0.26 7.24 7.65 <0.001 
Damage to gardens and landscapinga                       
     Slight -0.41 0.37 0.67 -1.11 0.268   -0.36 0.34 0.70 -1.08 0.282 
     Moderate -0.17 0.33 0.84 -0.50 0.614   -1.11 0.32 0.33 -3.48 <0.001 
     Severe 0.85 0.35 2.33 2.44 0.015   -1.01 0.34 0.36 -2.95 0.003 
                        





Figure 3-1. Utah Division of Wildlife urban mule deer trap locations 2014-2015 and 
2015-2016 and trapping zones used for a series of multinomial logistic regression 
analysis of attitudes toward urban deer and urban deer management actions in Bountiful, 





*P > 0.05 
aReference category was “Not a problem” 
 
 
Figure 3-2. Coefficients and standard errors for explanatory variables in the top-ranking 
multinomial logistic regression model of perceptions of whether there are too many deer 
in Bountiful, Utah, 2014 and 2016. Coefficients represent the category "agree" compared 
to the reference category "neutral", and values > 0 indicate a higher likelihood of 







*P > 0.05 
aReference category was “Not a problem” 
 
 
Figure 3-3. Coefficients and standard errors for explanatory variables in the top-ranking 
multinomial logistic regression model of attitudes towards whether something should be 
done to reduce deer in Bountiful, Utah, 2014 and 2016. Coefficients represent the 
category "agree" compared to the reference category "neutral", and values > 0 indicate a 







*P < 0.05 
aReference category was "Not a problem" 
 
 
Figure 3-4. Coefficients and standard errors for explanatory variables in the top-ranking 
multinomial logistic regression model of attitudes towards whether deer are native and 
residents should learn to live with them in Bountiful, Utah, 2014 and 2016. Coefficients 
represent the category "agree" compared to the reference category "neutral", and values < 






*P < 0.05 
aReference category was "Not a problem" 
 
 
Figure 3-5. Coefficients and standard errors for explanatory variables in the top-ranking 
multinomial logistic regression model of attitudes towards trapping and relocation as a 
management action to reduce deer in Bountiful, Utah, 2014 and 2016. Coefficients 
represent the category "agree" compared to the reference category "neutral", and values > 





*P < 0.05 
aReference category was "Not a problem" 
 
 
Figure 3-6. Coefficients and standard errors for explanatory variables in the top-ranking 
multinomial logistic regression model of attitudes towards trapping, euthanizing and 
donating the meat as a management action to reduce deer in Bountiful, Utah, 2014 and 
2016. Coefficients represent the category "agree" compared to the reference category 






*P < 0.05 
aReference category was "Not a problem"  
 
 
Figure 3-7. Coefficients and standard errors for explanatory variables in the top-ranking 
multinomial logistic regression model of attitudes towards using trained and certified 
archers as a management action to reduce deer in Bountiful, Utah, 2014 and 2016. 
Coefficients represent the category "agree" compared to the reference category "neutral", 





My thesis contributes to a better understanding of the vital rates of translocated 
urban mule deer, the costs of translocation, and residents’ attitudes and perceptions 
toward urban deer in Utah. Collectively this work enhances our understanding of how 
translocation might be used to mitigate urban deer conflict. While there has been 
extensive research into urban deer, very little has focused on mule deer specifically, and 
even less has combined the study of deer demography with that of human perceptions and 
attitudes. In Chapter 2, I explored variables affecting survival rates of translocated urban 
mule deer and the costs of operating this type of management action. In Chapter 3, I 
investigated Bountiful, Utah residents’ attitudes towards deer, deer reduction 
management actions, and perceptions of problems caused by deer before and after 2 years 
of urban deer management. Currently, several cities in Utah are implementing urban deer 
management plans using either trained archers or trap and relocation, with a few cities 
using both methods concurrently. As more communities in Utah and throughout Western 
North America encounter urban mule deer conflicts and explore management programs, 
it is imperative to evaluate the effectiveness of each type of program. These evaluations 
will aid in the management of mule deer and mule deer conflicts in urban areas across the 
West. 
In Chapter 2, I found that annual survival rates were negatively influenced by age 
and injury with adult males surviving at a much lower rate than adult females. This 
finding of lower annual survival rates for translocated adult males compared to non-
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translocated wild mule deer is novel (Bishop et al. 2005, Mulligan 2015). While my study 
was not designed to address cause of mortality, legal hunting was attributed to the death 
of 5 males but these events cannot explain the severely low rates of survival among 
translocated males compared to non-translocated wild mule deer (Farmer et al. 2006, Pac 
and White 2007). And although annual survival rates for translocated adult female mule 
deer were similar to those from recent mule deer translocations in Utah and New Mexico, 
they were also much lower than survival rates for wild resident deer in nearby areas 
within Utah (Ashling 2015, Smedley 2016). Adult deer that survived into their second 
year post-release had a lower risk of death, with female annual survival rate nearing that 
of wild deer, while only 2 adult males survived into the second year of the study. Overall, 
I found that injuries (both those sustained prior to and during capture) contributed most to 
increased risk of death among the translocated deer. I included deer with injuries in the 
analyses because many deer in urban settings sustain injuries (e.g., vehicle collisions, 
entanglement in fencing) and because trapping injuries are a part of the trap and 
relocation management action. To decrease mortality risk in the future, my results 
indicate that one should modify traps to reduce capture-related injuries and evaluate 
individuals’ overall health and injury status prior to deciding whether or not an individual 
should be translocated and released. 
In Chapter 2, I also investigated the costs of translocation as a management tool. 
As a management tool, translocation resulted in a high overall cost per deer, but similar 
to costs reported for other urban deer trap and relocation programs (Ishmael and 
Rongstad 1984, McAninch 1995, Beringer et al. 2002). Translocation was more 
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expensive when compared with archery, controlled hunts or sharpshooting urban deer 
programs, but similar to the use of immunocontraceptives (Kilpatrick and Walter 1999, 
Butfiloski et al.1997, Doerr et al. 2001, Walter et al. 2002). Reported costs were shared 
between the UDWR, Bountiful, and volunteers. While volunteers defrayed a portion of 
the total labor costs, the majority of labor costs were derived from the UDWR and city 
personnel. The benefits of volunteer labor and equipment purchases cannot be 
understated, however, I found that it would be difficult to operate a translocation program 
with fewer paid personnel (2 UDWR and 2 city personnel). Incorporating fees could 
produce equitably shared costs between management agencies and communities. 
Equipment and monitoring costs could be reduced by using less expensive telemetry 
marking devices (3-month ear tag transmitters) and eliminating telemetry monitoring 
flights. 
In Chapter 3, my survey of Bountiful residents’ attitudes toward urban deer and 
management actions, and perceptions of damage revealed that a majority of residents 
perceived the populations of deer in Bountiful to be high and that deer numbers should be 
reduced. As anticipated, public support was greater for trap and relocation as a 
management action than either lethal method. After removing 465 deer over 2 years, the 
results of the longitudinal panel were less impactful than expected. The panel 
demonstrated a surprisingly small number of residents who perceived a decrease in the 
deer population. Notably, the reduction program failed to reduce residents’ perceptions of 
the severity of problems (vehicle collisions, damage to gardens and landscaping, 
confrontations with pets or people, and general mess). While support for trap and 
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relocation increased, support for trapping and euthanization and using certified trained 
archers remained the same. My multinomial logistic regression analysis reflected similar 
findings from previous white-tailed deer attitude studies (Siemer et al. 2004, Urbanek 
2013). Residents who experienced damage to gardens and landscaping were more likely 
to have negative attitude towards deer, believe deer populations were too high, and 
support deer reduction, more specifically lethal methods. Residents who were aware of 
the trap and relocation program were also more likely to support the program, feel that 
there were too many deer and that management action needed to be taken. Incorporating 
an educational program for residents on best planting practices and protecting gardens 
could reduce conflicts with deer (Messmer et al. 1997). 
My thesis was designed to assess the use of translocation as a method to reduce 
human-wildlife conflicts with mule deer in urban areas. My results indicate that younger 
urban female mule deer survive similarly to translocated wild mule deer in other studies, 
public support for translocation was strong, and residents perceived a slight decrease in 
the amount of deer in Bountiful. While translocation was more highly supported by the 
public because it is theoretically nonlethal, my research suggests that it did not change 
public opinion of deer damage, operational costs of translocation are higher than lethal 
programs, and annual survival of translocated urban mule deer is much lower than that of 
wild resident deer in Utah. The effectiveness of translocation as an urban mule deer 
management tool will thus depend on the objectives. 
To reduce urban deer populations and associated damage, urban deer control 
should be approached as a long-term management program. The removal of deer over 2 
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years was not sufficient for residents to realize the benefits of reduced conflicts, however, 
this could be achieved with ongoing deer removal along with educational programs. 
Long-term urban deer management is especially important when there is potential mixing 
of deer from wildlands. 
In my study area, adjacent wildland deer populations increased during the study 
period which may have influenced urban deer populations and residents’ perceptions of 
deer and deer damage (Bernales et al. 2017). These results highlight the need for future 
research into the population size, dynamics, and movements of mule deer in and around 
Bountiful and along the urban wildland interface. The use of GPS-equipped radio collars 
deployed on deer in Bountiful could reveal the degree of mixing between urban deer and 
wildland deer, and facilitate managers’ understanding of the influence of wildland 
populations within the city. Surveys of deer density are also needed to scientifically 
evaluate whether goals of reducing urban deer densities are actually achieved. I found 
that deer in my study area were rarely frightened by a slow moving vehicle, suggesting 
that roadside Distance Sampling could be an effective way to estimate urban mule deer 
densities (Buckland et al. 2001). By conducting such surveys on a weekly or monthly 
basis, one could evaluate seasonal influx and exodus of deer from urban areas. Once deer 
densities and movements are known, and management actions lead to actual decreases in 
densities, it would be beneficial to conduct another public perception survey to assess 
change in attitudes and perceptions after a realized decrease in deer density. 
My thesis suggests the use of translocated urban mule deer to enhance wild 
populations will be confronted with the challenges of translocated deer experiencing low 
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survival in the first year post-release. Annual survival of adult female deer that made it in 
to the second year post-release was still below the Utah statewide average, indicating that 
it may not be until the third year after release that translocated mule deer fully assimilate. 
Though few released deer will survive that long. While adult males demonstrated high 
mortality rates, some individuals survived long enough to be taken during the following 
hunting season (approximately 8-10 months).  Translocation may not produce survival 
rates which are conducive to bolstering populations in wildland areas. Thus managers 
should evaluate the goals and objectives for wild deer herds at the release site of any 
urban deer translocation program. 
 
LITERATURE CITED 
Ashling, J. B. 2015. Survival and cause-specific mortality, and habitat selection of 
translocated female mule deer in southern New Mexico. Thesis, New Mexico 
State University, Las Cruces, New Mexico, USA. 
Beringer, J., L. P. Hansen, J. A. Demand, J. Sartwell, M. Wallendorf, and R. Mange. 
2002. Efficacy of translocation to control urban deer in Missouri: costs, 
efficiency, and outcome. Wildlife Society Bulletin 30:767–774. 
Bernales, H. H., K. R. Hersey and C. Jones. 2017. Utah big game annual report, 2016. 
Utah Division of Wildlife Resources, Salt Lake City. Pub. No.18-09. 
Bishop, C. J., J. W. Unsworth, and E. O. Garton. 2005. Mule deer survival among 




Buckland, S. T., D. R. Anderson, K. P. Burnham, J. L. Laake, D. L. Borchers, and L. 
Thomas. 2001. Introduction to distance sampling: estimating abundance of 
biological populations. Oxford University Press, New York, New York, USA. 
Butfiloski, J. W., D. I. Hall, D. M. Hoffman, D. L. Forster. 1997. White-tailed deer 
management in a coastal Georgia residential community. Wildlife Society 
Bulletin 25:491-195. 
Doerr, M. L., J. B. McAninch, and E. P. Wiggers. 2001. Comparison of four methods to 
reduce white-tailed deer abundance in an urban community. Wildlife Society 
Bulletin 29:1105-1113. 
Farmer, C. J., D. K. Person, and R. T. Bowyer. 2006. Risk factors and mortality of black-
tailed deer in a managed forest landscape. The Journal of Wildlife Management 
70:1403-1415. 
Ishmael, W. E. and O. J. Rongstad. 1984. Economics of an urban deer-removal program. 
Wildlife Society Bulletin 12:394-398. 
Kilpatrick, H. J., and W. D. Walter. 1999. A controlled archery deer hunt in a residential 
community: costs, effectiveness, and deer recovery rates. Wildlife Society 
Bulletin 27: 115-123. 
McAninch, J. B. 1995. Urban deer: a manageable resource? Proceedings of the 
symposium of the 55th Midwest Fish and Wildlife Conference. North Central 




Messmer, T. A., L. Cornicelli, D. J. Decker, and D. G. Hewitt. 1997. Stakeholder 
acceptance of urban deer management techniques. Wildlife Society Bulletin 
25:360-366. 
Mulligan, E. M. 2015. Survival rates and cause-specific mortality for mule deer in south-
central Oregon. Thesis, Oregon State University, Corvallis, OR, USA. 
Pac, D. F., and G. C. White. 2007. Survival and cause-specific mortality of male mule 
deer under different hunting regulations in the Bridger Mountains, Montana. The 
Journal of Wildlife Management 71:816-827. 
Siemer, W. F., T. B. Lauber, L. C. Chase, D. J. Decker, R. J. McPeake, and C. A. 
Jacobson. 2004. Deer/elk management actions in suburban environments: what 
will stakeholders accept? Pages 228-237 in W. W. Shaw, L. K. Harris, and L. 
Vandruff, editors. Proceedings of the 4th International Urban Wildlife Symposium 
on Urban Wildlife Conservation, 1-5 May 1999, Tucson, Arizona, USA. 
Smedley, D. C. 2016. Influence of release timing on survival and movements of 
translocated mule deer (Odocoileus hemionus) in Utah. Thesis, Brigham Young 
University, Provo, Utah, USA. 
Urbanek, R. E., C. K. Nielsen, M. A. Davenport, and B. D. Woodson. 2013. 
Determinants of public perception of suburban deer density. Human Dimensions 
of Wildlife 18:82-96. 
Walter, D. W., P. J. Perkins, A. T. Rutberg, and H. J. Kilpatrick. 2002. Evaluation of 
immunocontraception in a free-ranging suburban white-tiled deer herd. Wildlife 

















CHAPTER 2 SUPPLEMENTARY MATERIALS 




    Adult Fawn   
Capture year Release area Female Male Female Male Total 
December 2014 - March 2015 Big Wash 35 14 26 24 99 
Raft River 46 8 17 23 94 
East Canyon Wildlife Management Areaa     1 2 3 
Euthanized   1 1 2 4 
2014-2015 Total 81 23 45 51 200 
December 2015 - February 2016b Big Wash 48 15 15 16 94 
Raft River 39 21 22 11 93 
Mantia 33 13 16 7 69 
East Canyon Wildlife Management Areaa     1 1 2 
Euthanized 2   3 2 7 
2015-2016 Total 122 49 57 37 265 
2014-2016 Total  203 72 102 88 465 
              
aRelease areas were not part of this survival study. 




Table A-2. Individual capture statistics for urban mule deer translocated from the city of Bountiful to rural locations during a research 























CR0401 1 female 3.5 good Raft River collar 37.8 Clover trap   0 0 
CR0402 1 female 3.5 poor Raft River collar 37.9 Clover trap   1 0 
CR0403 1 male 2.5 fair Raft River ear tag 39.8 Clover trap   1 0 
CR0405 1 female 4.5 fair Big Wash collar 38.8 Clover trap   0 0 
CR0408 1 female 4.5 fair Big Wash collar 39.4 drop net   0 0 
CR0409 1 male 1.5 poor Big Wash ear tag 40.1 drop net   0 0 
CR0410 1 female 1.5 fair Big Wash collar 39.8 drop net   0 0 
LM113 1 female 5.5 good Raft River collar 39.5 Clover trap   0 0 
LM114 1 male 1.5 fair Raft River ear tag 39.2 Clover trap   1 1 
LM116 1 female 2.5 good Big Wash collar 38.7 Clover trap   0 0 
LM120 1 female 5.5 fair Big Wash collar 40.4 Clover trap   0 0 
LM121 1 male 1.5 good Big Wash ear tag 40.1 Clover trap   0 1 
LM122 1 female 2.5 good Raft River collar 39.5 Clover trap   0 0 
LM126 1 female 3.5 good Big Wash collar 39.7 Clover trap   1 0 
LM127 1 female 1.5 fair Big Wash collar 38.2 Clover trap   1 0 
LM129 1 female 4.5 good Raft River collar 40.1 Clover trap   0 0 
LM133 1 female 2.5 good Big Wash collar 39.0 Clover trap   0 0 
LM134 1 male 1.5 fair Big Wash ear tag 39.2 Clover trap   0 1 
LM136 1 female 2.5 good Big Wash collar 38.6 Clover trap   0 0 
LM140 1 male 2.5 good Raft River ear tag 39.5 Clover trap   0 1 
LM141 1 female 2.5 good Raft River collar 39.3 Clover trap   0 0 
 
 
LM144 1 female 2.5 good Big Wash collar 38.5 drop net   0 0 
LM145 1 female 3.5 good Big Wash collar   drop net   0 0 
LM146 1 male 2.5 fair Big Wash ear tag 38.3 drop net   0 0 
LM150 1 female 2.5 good Big Wash collar 39.8 drop net   0 0 
LM152 1 male 1.5 good Big Wash ear tag 39.4 drop net   0 0 
LM153 1 male 2.5 fair Big Wash ear tag 39.1 drop net   0 0 
LM154 1 male 2.5 fair Raft River ear tag 39.1 Clover trap   0 0 
LM156 1 male 1.5 fair Raft River ear tag 39.0 Clover trap   0 0 
LM157 1 female 1.5 good Raft River collar   Clover trap   0 0 
LM161 1 female 6.5 good Raft River collar 38.5 Clover trap   0 0 
LM167 1 female 1.5 good Raft River collar 39.8 Clover trap   0 0 
LM170 1 female 3.5 poor Raft River collar 39.3 Clover trap   0 0 
LM171 1 female 3.5 fair Raft River collar 38.7 Clover trap   0 0 
LM175 1 female 4.5 fair Raft River collar   Clover trap   1 0 
LM178 1 female 4.5 fair Raft River collar   Clover trap   0 0 
LM180 1 male 2.5 poor Raft River ear tag 39.9 Clover trap   0 0 
LM182 1 female 2.5 good Raft River collar 39.7 Clover trap   0 0 
LM184 1 female 2.5 good Big Wash collar 38.5 drop net   0 0 
LM187 1 female 4.5 good Big Wash collar   drop net   0 0 
LM190 1 female 3.5 good Big Wash collar 39.6 Clover trap   0 0 
LM191 1 male 1.5 good Big Wash ear tag 39.4 Clover trap   0 0 
LM192 1 male 1.5 good Big Wash ear tag 39.8 Clover trap   0 0 
LM193 1 female 1.5 good Big Wash collar 39.4 Clover trap   0 0 
LM195 1 female 3.5 good Raft River collar 38.8 Clover trap   0 0 
LM196 1 female 2.5 good Raft River collar 38.7 Clover trap   0 0 
LM197 1 female 3.5 good Raft River collar 39.2 drop net   0 0 
LM200 1 female 3.5 good Big Wash collar 39.9 drop net   0 0 





LM202 1 female 2.5 good Raft River collar 38.9 Clover trap   0 0 
LM204 1 female 3.5 good Raft River collar 37.5 drop net   0 0 
LM205 1 female 6.5 good Raft River collar 38.6 drop net   0 0 
LM206 1 female 6.5 fair Raft River collar 39.5 drop net   0 0 
LM207 1 female 5.5 good Raft River collar 39.6 drop net   0 0 
LM209 1 female 2.5 fair Raft River collar 39.6 drop net   0 0 
LM210 1 female 3.5 good Raft River collar   drop net   0 0 
LM211 1 female 3.5 good Big Wash collar 38.6 Clover trap   0 0 
LM212 1 female 3.5 good Big Wash collar 38.7 Clover trap   0 0 
LM213 1 female 3.5 good Big Wash collar 38.5 Clover trap   0 0 
LM214 1 male 1.5 fair Big Wash ear tag 38.5 Clover trap   0 0 
LM217 1 female 3.5 fair Raft River collar 38.6 Clover trap   0 0 
LM219 1 female 3.5 good Big Wash collar 41.3 Clover trap   0 0 
LM220 1 female 5.5 good Raft River collar 38.3 Clover trap   0 0 
LM221 1 female 2.5 good Raft River collar 37.8 drop net   0 0 
LM222 1 female 3.5 good Raft River collar   drop net   0 0 
LM223 1 female 3.5 good Raft River collar   drop net   0 0 
LM227 1 female 8.5 fair Big Wash collar 37.9 Clover trap   0 0 
LM228 1 female 5.5 good Big Wash collar 38.8 Clover trap   0 0 
LM230 1 female 3.5 good Big Wash collar 38.2 Clover trap   0 0 
LM231 1 male 2.5 fair Big Wash ear tag 39.8 Clover trap   0 0 
LM232 1 female 3.5 good Big Wash collar 38.7 Clover trap   0 0 
LM233 1 male 3.5 fair Raft River ear tag 39.9 Clover trap   0 0 
LM239 1 female 4.5 good Raft River collar 39.2 Clover trap   0 0 
LM241 1 female 7.5 fair Big Wash collar 38.9 Clover trap   0 0 
LM242 1 male 5.5 good Big Wash ear tag 39.9 Clover trap   0 0 
LM244 1 male 2.5 fair Big Wash ear tag 38.6 Clover trap   0 0 




LM252 1 female 4.5 good Raft River collar 39.0 Clover trap   0 0 
LM255 1 female 5.5 good Raft River collar 38.3 Clover trap   0 0 
LM257 1 female 3.5 good Raft River collar 38.9 Clover trap   0 0 
LM258 1 female 1.5 fair Raft River collar 39.4 Clover trap   0 0 
LM259 1 female 2.5 good Raft River collar 39.4 Clover trap   0 0 
LM260 1 female 5.5 fair Raft River collar 40.7 Clover trap   0 0 
LM262 1 female 4.5 good Raft River collar 38.2 Clover trap   0 0 
LM266 1 female 3.5 good Raft River collar 39.5 Clover trap   0 0 
LM270 1 female 4.5 fair Big Wash collar 38.9 Clover trap   0 0 
LM272 1 female 6.5 good Raft River collar 39.1 Clover trap   0 0 
LM273 1 female 4.5 fair Raft River collar 39.2 Clover trap   0 0 
LM275 1 female 2.5 good Big Wash collar 39.8 Clover trap   0 0 
LM276 1 male 2.5 poor Raft River ear tag 40.0 Clover trap   0 0 
LM278 1 female 3.5 fair Big Wash collar 38.8 Clover trap   0 0 
LM281 1 female 3.5 good Big Wash collar 38.0 Clover trap   0 0 
LM289 1 female 5.5 good Big Wash collar 39.2 Clover trap   0 0 
LM290 1 female 7.5 fair Big Wash collar 38.6 Clover trap   0 0 
LM291 1 male 2.5 poor Big Wash ear tag 39.2 Clover trap   0 0 
LM292 1 female 5.5 good Raft River collar 38.5 Clover trap   0 0 
LM298 1 female 4.5 good Raft River collar 38.9 Clover trap   0 0 
LM299 1 female 2.5 poor Raft River collar 39.8 Clover trap   0 0 
UD001 2 male 1.5 fair Raft River ear tag 37.6 Clover trap 25 0 0 
UD002 2 female 2.5 good Raft River collar 37.8 Clover trap 24 0 0 
UD004 2 male 1.5 good Raft River ear tag 39.6 Clover trap 12 0 0 
UD005 2 female 7.5 fair Raft River collar 38.2 Clover trap 25 1 0 
UD006 2 female 1.5 fair Raft River collar 39.5 Clover trap 22 0 0 
UD009 2 female 2.5 good Raft River collar 39.1 Clover trap 16 0 0 





UD011 2 female 3.5 good Raft River collar 38.9 Clover trap 16 0 0 
UD013 2 female 1.5 good Raft River collar 40.9 Clover trap 17 0 0 
UD014 2 female 3.5 good Raft River collar   Clover trap 26 0 0 
UD015 2 female 1.5 good Raft River collar   Clover trap 24 0 0 
UD016 2 female 2.5 good Raft River collar   Clover trap 20 0 0 
UD018 2 female 2.5 good Big Wash collar 38.1 Clover trap 20 1 0 
UD021 2 female 1.5 fair Big Wash collar 39.1 Clover trap 16 0 0 
UD022 2 female 3.5 good Big Wash collar 39.2 Clover trap 13 0 0 
UD023 2 male 2.5 fair Big Wash ear tag 40.1 Clover trap 20 0 0 
UD024 2 female 1.5 fair Big Wash collar 38.7 Clover trap 14 0 0 
UD025 2 female 4.5 good Big Wash collar 39.2 Clover trap 14 0 0 
UD026 2 female 5.5 good Big Wash collar 39.6 Clover trap 14 0 0 
UD030 2 female 2.5 good Big Wash collar 39.2 Clover trap 11 0 0 
UD031 2 female 1.5 fair Big Wash collar 39.2 Clover trap 19 0 0 
UD032 2 male 1.5 fair Big Wash ear tag 38.9 Clover trap 17 0 0 
UD034 2 male 1.5 fair Big Wash ear tag 39.6 Clover trap 13 0 0 
UD036 2 female 4.5 good Raft River collar 39.8 Clover trap 13 0 0 
UD040 2 female 4.5 good Raft River collar 38.9 Clover trap 17 0 0 
UD041 2 male 3.5 good Raft River ear tag 40.1 Clover trap 20 0 0 
UD042 2 female 4.5 good Raft River collar 39.2 Clover trap 17 0 0 
UD043 2 male 1.5 fair Raft River ear tag 39.9 Clover trap 15 0 0 
UD045 2 male 2.5 fair Raft River ear tag 38.7 Clover trap 15 0 0 
UD046 2 male 1.5 poor Raft River ear tag 39.8 Clover trap 23 0 0 
UD047 2 male 1.5 fair Raft River ear tag 40.2 Clover trap 25 1 0 
UD051 2 male 2.5 fair Big Wash ear tag   Clover trap 10 0 0 
UD052 2 male 1.5 fair Big Wash ear tag 39.0 Clover trap   0 1 
UD053 2 female 2.5 fair Big Wash collar 38.8 Clover trap 18 0 0 




UD055 2 female 2.5 good Big Wash collar 40.0 Clover trap 11 1 0 
UD058 2 female 3.5 good Raft River collar 38.5 Clover trap 16 0 0 
UD059 2 female 2.5 good Big Wash collar 38.8 Clover trap 21 1 0 
UD061 2 female 2.5 fair Big Wash collar   Clover trap 18 0 0 
UD062 2 male 1.5 poor Big Wash ear tag 39.4 Clover trap 4 0 0 
UD063 2 female 1.5 good Big Wash collar 38.1 Clover trap 16 0 0 
UD064 2 female 1.5 fair Big Wash collar   Clover trap 19 0 0 
UD066 2 female 3.5 fair Raft River collar 38.6 Clover trap 19 0 0 
UD069 2 male 1.5 fair Raft River ear tag 38.6 Clover trap 10 0 0 
UD071 2 female 2.5 good Raft River collar 38.4 Clover trap 8 0 0 
UD072 2 female 2.5 good Raft River collar 39.1 Clover trap 16 0 0 
UD073 2 female 5.5 good Raft River collar 37.6 Clover trap 14 0 0 
UD077 2 female 3.5 good Big Wash collar   Clover trap 23 0 0 
UD078 2 female 1.5 fair Big Wash collar 39.3 Clover trap 13 0 0 
UD080 2 female 1.5 good Raft River collar 38.8 Clover trap 15 0 0 
UD084 2 male 1.5 fair Raft River ear tag 40.2 Clover trap 26 0 0 
UD085 2 female 2.5 good Raft River collar 39.1 Clover trap 20 0 0 
UD086 2 male 1.5 fair Raft River ear tag 39.6 Clover trap 14 0 0 
UD087 2 male 1.5 fair Raft River ear tag 39.1 Clover trap 14 0 0 
UD088 2 male 2.5 good Raft River ear tag 40.5 Clover trap 10 0 0 
UD089 2 male 1.5 fair Raft River ear tag 39.6 Clover trap 12 0 0 
UD091 2 female 2.5 good Raft River collar 38.9 Clover trap 15 0 0 
UD092 2 female 1.5 good Raft River collar 38.9 Clover trap 20 0 0 
UD094 2 male 1.5 fair Raft River ear tag 38.8 Clover trap 13 0 0 
UD095 2 female 6.5 good Raft River collar 38.8 Clover trap 25 0 0 
UD096 2 female 2.5 good Raft River collar 39.6 Clover trap 25 0 0 
UD097 2 female 2.5 good Raft River collar 38.2 Clover trap 10 0 0 




UD099 2 male 1.5 fair Raft River ear tag   Clover trap 16 0 0 
UD100 2 female 1.5 fair Raft River collar 38.0 Clover trap 16 0 0 
UD102 2 female 4.5 good Raft River ear tag 38.6 Clover trap 8 1 0 
UD103 2 female 2.5 fair Big Wash collar 38.3 Clover trap 17 0 0 
UD107 2 male 1.5 fair Big Wash ear tag 40.3 Clover trap 9 0 0 
UD108 2 female 1.5 fair Big Wash collar 38.9 Clover trap 17 0 0 
UD109 2 female 3.5 fair Big Wash collar 39.3 Clover trap 18 0 0 
UD110 2 female 8.5 good Big Wash collar 38.6 Clover trap 12 0 0 
UD111 2 female 5.5 good Big Wash collar 38.7 Clover trap 10 0 0 
UD112 2 female 3.5 good Big Wash collar 39.2 Clover trap 14 0 0 
UD113 2 female 3.5 good Big Wash collar 38.2 Clover trap 34 0 0 
UD114 2 male 1.5 poor Big Wash ear tag 39.2 Clover trap 22 1 0 
UD115 2 female 2.5 fair Big Wash collar 38.2 Clover trap 19 0 0 
UD116 2 female 2.5 good Big Wash collar 39.4 Clover trap 9 0 0 
UD117 2 female 2.5 good Big Wash collar 38.2 Clover trap 12 0 0 
UD119 2 male 1.5 fair Big Wash ear tag   Clover trap 5 1 0 
UD122 2 female 2.5 good Big Wash ear tag 37.8 Clover trap 15 0 0 
UD124 2 female 1.5 good Big Wash ear tag 38.3 Clover trap 20 0 0 
UD127 2 female 4.5 good Big Wash ear tag 39.2 Clover trap 11 0 0 
UD128 2 female 3.5 good Big Wash ear tag 39.1 Clover trap 11 0 0 
UD131 2 female 1.5 poor Big Wash ear tag 38.2 Clover trap 16 0 0 
UD134 2 female 2.5 good Big Wash ear tag 38.3 Clover trap 30 0 1 
UD136 2 male 1.5 fair Raft River ear tag 42.2 Clover trap 24 0 0 
UD139 2 female 4.5 fair Raft River collar 38.7 Clover trap 21 0 0 
UD140 2 female 2.5 fair Raft River ear tag 38.0 Clover trap 23 1 0 
UD141 2 female 3.5 fair Raft River ear tag 39.3 Clover trap 20 0 0 
UD142 2 female 6.5 fair Raft River ear tag 39.1 Clover trap 25 0 0 




UD147 2 female 3.5 fair Big Wash collar 40.4 Clover trap 50 0 0 
UD148 2 male 1.5 fair Big Wash ear tag 38.6 Clover trap 18 0 0 
UD149 2 female 2.5 fair Big Wash collar 38.6 Clover trap 10 0 0 
UD151 2 male 1.5 poor Big Wash ear tag 38.3 Clover trap 30 0 0 
UD152 2 male 2.5 fair Big Wash ear tag 39.1 Clover trap 25 0 0 
UD153 2 female 7.5 good Big Wash collar 39.6 Clover trap 25 0 0 
UD154 2 female 2.5 fair Big Wash collar 38.8 Clover trap 20 0 0 
UD155 2 female 3.5 good Big Wash collar 40.0 Clover trap 15 0 0 
UD157 2 female 2.5 good Big Wash collar 39.4 Clover trap 10 0 0 
UD158 2 female 3.5 fair Raft River ear tag 38.2 Clover trap 15 0 0 
UD159 2 male 1.5 poor Raft River ear tag 39.7 Clover trap 20 0 0 
UD160 2 female 5.5 good Raft River ear tag 38.7 Clover trap 20 0 0 
UD164 2 female 3.5 fair Raft River ear tag 39.0 Clover trap 12 0 0 
UD165 2 female 1.5 fair Raft River ear tag 37.9 Clover trap 17 0 0 
UD169 2 female 6.5 fair Raft River ear tag 38.4 Clover trap 17 0 0 
UD170 2 female 4.5 fair Raft River ear tag 39.5 Clover trap 19 0 0 
UD171 2 male 2.5 fair Raft River ear tag 38.9 Clover trap 20 1 0 
UD173 2 female 5.5 good Raft River ear tag 39.2 Clover trap 13 0 0 
UD175 2 female 2.5 fair Raft River ear tag 38.3 Clover trap 8 0 0 
UD177 2 female 9.5 poor Big Wash ear tag 37.8 Clover trap 16 0 0 
UD179 2 male 2.5 fair Big Wash ear tag 38.9 Clover trap 13 1 0 
UD180 2 female 2.5 good Big Wash collar 38.8 Clover trap 10 0 0 
UD181 2 female 2.5 fair Big Wash collar 39.1 Clover trap 13 0 0 
UD182 2 female 4.5 good Big Wash ear tag 38.8 Clover trap 11 0 0 
UD183 2 female 1.5 fair Big Wash ear tag 38.9 Clover trap 13 0 0 
UD184 2 female 4.5 good Big Wash ear tag 38.8 Clover trap 13 0 0 
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Table A-3. Four new time and cohort variables created for Cox proportional hazard 
analysis for urban mule deer translocated in 2014-2016 from Bountiful, Utah, USA. 
  





2014-2015 1 1 1 1 
2015-2016 1 2 2 2 
2 1 2 3 
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Table A-4. Candidate Andersen-Gill models of mortality for translocated urban mule 
deer in Utah, USA, 2014-2016, number of parameters (K), Akaike’s Information 
Criterion (AICc) scores, differences among AICc scores (Δ), and AICc weights (w) for 
tier 1 capture and handling covariates. 
 
 
Model K AICc Δ w 
null 0 108.44 0.00 0.50 
sex 1 110.29 1.85 0.20 
temperature 1 110.35 1.91 0.19 
temperature + sex 2 112.25 3.82 0.07 





Table A-5. Candidate Andersen-Gill models of mortality for translocated urban mule 
deer in Utah, USA, 2014-2016, number of parameters (K), Akaike’s Information 
Criterion (AICc) scores, differences among AICc scores (Δ), and AICc weights (w) for 
tier 1 capture and handling covariates. 
 
 
Model K AICc Δ w 
null 0 57.9 0.0 0.40 
sex 1 58.9 1.0 0.25 
handling time 1 59.9 2.0 0.15 
handling time × sex 3 60.5 2.6 0.11 





Table A-6. Candidate Andersen-Gill models of mortality for translocated urban mule 
deer in Utah, USA, 2014-2016, number of parameters (K), Akaike’s Information 
Criterion (AICc) scores, differences among AICc scores (Δ), and AICc weights (w) for 
tier 1 capture and handling covariates. 
 
 
Model K AICc Δ w 
capture method + strata(sex) 1 341.7 0.0 0.52 
strata(sex) 0 341.9 0.2 0.48 





Table A-7. Candidate Andersen-Gill models of mortality for translocated urban mule 
deer in Utah, USA, 2015-2016, number of parameters (K), Akaike’s Information 
Criterion (AICc) scores, differences among AICc scores (Δ), and AICc weights (w) for 
tier 1 capture and handling covariates. 
 
 
Model K AICc Δ w 
strata(sex) 0 458.4 0.0 0.69 
transmitter type + strata(sex) 1 460.0 1.6 0.31 





Table A-8. Candidate Andersen-Gill models of mortality for translocated urban mule 
deer in Utah, USA, 2014-2016, number of parameters (K), Akaike’s Information 
Criterion (AICc) scores, differences among AICc scores (Δ), and AICc weights (w) for 
tier 1 capture and handling covariates. 
 
 
Model K AICc Δ w 
injury + strata(sex) 1 1099.3 0.0 0.78 
strata(sex) 0 1101.8 2.5 0.22 





Table A-9. Candidate Andersen-Gill models of mortality for translocated urban mule 
deer in Utah, USA, 2014-2016, number of parameters (K), Akaike’s Information 
Criterion (AICc) scores, differences among AICc scores (Δ), and AICc weights (w) for 
tier 2 individual characteristic covariates. 
 
 
Model K AICc Δ w 
age × injury + strata(sex) 3 1094.9 0.0 0.76 
age + injury + strata(sex) 2 1098.6 3.7 0.12 
injury + strata(sex) 1 1099.3 4.4 0.08 
strata(sex) 0 1101.8 6.9 0.02 
body condition + injury + strata(sex) 3 1102.3 7.4 0.02 
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Table A-10. Candidate Andersen-Gill models of mortality for translocated urban mule 
deer in Utah, USA, 2014-2016, number of parameters (K), Akaike’s Information 
Criterion (AICc) scores, differences among AICc scores (Δ), and AICc weights (w) for 
tier 2 cohort covariates. 
 
 
Model K AICc Δ w 
year after release + strata(sex) 1 1098.1 0.0 0.37 
group + strata(sex) 2 1099.1 1.0 0.22 
injury + strata(sex) 1 1099.3 1.2 0.20 
cohort + strata(sex) 1 1100.6 2.5 0.11 
strata(sex) 0 1101.8 3.7 0.06 
study year + strata(sex) 1 1103.8 5.7 0.02 





Table A-11. Itemized costs (USD) for translocating urban mule deer from the city of 
Bountiful to rural locations in Utah, USA during a research study from 2014 to 2016. 
 
Item Cost 
Tagging and testing materials   
     VHF radio collar (7-year) $185 
     VHF ear tag transmitter (2-year) $165 
     VHF ear tag transmitter (3-month) $75 
     Disease testing and supplies (per CWD-tested deer) $61 
     Medications and supplies (per deer) $8 
Telemetry monitoring flight (per hour) $200 
Per capture day   
     Bait $12 
     UDWR labora $837 
     Bountiful city labora $474 
     Kilometers drivenb $178 
Capture and handling equipment   
     Tarp, hobbles, blindfold (per set)† $58 
     Clover trap, each (netting and labor only)† $312 
     Clover trap, each (new frame, no netting)† $335 
     Drop net (new 40-foot system)† $4,630 
     Stock trailer and customization† $15,683 
     Stock trailer registration and maintenance $570 
    
aCost estimates subject to change based on wages and time spent on project 
bBased on Utah mileage reimbursement at $0.336/km 






CHAPTER 3 SUPPLEMENTARY MATERIALS 
Table B-1. Questions, responses, and frequencies of responses by a longitudinal panel and cross-sectional survey of public perception, 




    
Longitudinal panel 
(n=247)   
Cross sectional 
respondents 
 (n=488, n=464) 
Variable Response 2014 2016   2014 2016 
Attitudes towards deer             
     There are too many deer in Bountiful Strongly agree 28.3 20.2   23.8 17.9 
  Agree 23.1 25.1   23.6 26.3 
 Neutral 17.4 17.0   20.3 15.7 
  Disagree 20.2 24.3   22.7 26.9 
  Strongly disagree 10.9 13.4   9.6 13.1 
     Do something to reduce deer numbers Strongly agree 27.1 18.6   22.5 15.5 
  Agree 19.4 27.1   21.3 25.0 
  Neutral 14.2 17.4   18.0 15.5 
  Disagree 24.3 22.7   25.8 29.5 
  Strongly disagree 15.0 14.2   12.3 14.4 
     Learn to live with deer Strongly agree 23.9 20.2   21.3 18.1 
  Agree 35.2 44.1   36.9 45.7 
  Neutral 14.2 9.3   16.4 15.1 
  Disagree 17.8 19.8   17.0 14.4 
  Strongly disagree 8.9 6.5   8.4 6.7 




     Vehicle collisions Serious problem 20.2 19.4   18.9 21.1 
  Moderate problem 29.1 34.8   26.6 28.0 
  Slight problem 31.6 27.9   30.9 29.1 
  Not a problem 19.0 17.8   23.6 21.8 
     Damage to gardens and landscaping Serious problem 35.6 34.8   33.2 28.7 
  Moderate problem 27.1 24.7   26.0 26.5 
  Slight problem 16.6 19.0   19.3 25.4 
  Not a problem 20.6 21.5   21.5 19.4 
     Confrontations with pets or people Serious problem 8.5 7.3   9.0 8.4 
  Moderate problem 19.4 18.2   18.2 13.1 
  Slight problem 22.3 30.0   21.9 25.9 
  Not a problem 49.8 44.5   50.8 52.6 
     General mess Serious problem 13.4 15.0   14.3 10.1 
  Moderate problem 21.1 19.8   19.9 19.4 
  Slight problem 24.3 24.3   24.0 26.3 
  Not a problem 41.3 40.9   41.8 44.2 
     Season of the problema Spring   14.6     14.7 
  Summer   19.4     13.4 
  Fall   9.3     10.6 
  Winter   28.7     33.8 
  Not a problem   27.9     27.6 
Acceptance of management actions             
     Trap and relocate Strongly agree 19.8 28.3   18.9 22.2 
  Agree 40.5 41.7   40.8 44.8 
  Neutral 15.8 12.1   15.4 10.6 
  Disagree 16.2 9.3   16.2 14.9 
  Strongly disagree 7.7 8.5   8.8 7.5 
     Trap and euthanize Strongly agree 15.4 11.3   14.1 8.4 




  Neutral 13.8 9.7   11.3 13.1 
  Disagree 22.3 23.1   24.2 28.0 
  Strongly disagree 19.0 21.5   21.3 20.5 
     Trained archers Strongly agree 15.0 13.0   13.7 10.8 
  Agree 34.8 32.4   32.8 29.5 
  Neutral 8.9 7.3   9.6 14.0 
  Disagree 17.8 24.7   21.1 25.0 
  Strongly disagree 23.5 22.7   22.7 20.7 
              
Homeownership Owner 87.9 90.3   82.6 82.1 
  Renter 12.1 9.7   17.4 17.9 
Aware of the trap and relocation program Yes 28.3 47.0   26.2 31.7 
  No 71.7 53.0   73.8 68.3 
Deer trapping zoneb Urban core - minimal 
effort  32.0   39.3 35.6 
  
Urban core - high 
effort  28.3   23.6 27.8 
  
Mountain proximate 
- high effort  32.0   30.1 28.0 
  
Mountain proximate 
- minimal effort  7.7   7.0 8.6 
              
aQuestion only asked in the 2016 survey.             
bDeer trapping zones delineated by UDWR trapping efforts. 
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Urban Deer Management Telephone Survey Script 
 
Hello, my name is [INTERVIEWER] calling on behalf of the Utah Division of Wildlife 
Resources and the city of Bountiful.   
The Utah Division of Wildlife Resources has contracted with Systems Consultants to 
conduct a survey about mule deer in Bountiful.  I would be happy to ask you a few 
questions if you have time. The survey should take no more than 10 minutes to complete. 
May I proceed with this call? 
This call may be recorded for quality assurance purposes, and all information gathered 
will be kept strictly confidential.   
1. Do you currently live in Bountiful, UT? 
Yes  [Proceed with survey] 
No  [Does not qualify, thank them for their time and end survey] 
2. How many years have you lived in Bountiful? 
_______ years 




For the next three questions we’ll ask you to tell us whether or not you agree with 
statements about deer in Bountiful.  Your choices can be: Strongly agree, Agree, 
Neutral, Disagree, or Strongly Disagree. Please pick the answer that most closely 
reflects your views. 
 






















For the next few questions, we want to know which specific problems, if any, you 
believe are occurring as a result of the deer population within Bountiful. For each 
question, please tell us whether you believe it is a serious problem, a moderate 
problem, a slight problem, or not a problem. 
 




Or, Not a Problem 




Or, Not a Problem 




Or, Not a Problem 




Or, Not a Problem 
For the next three questions we’ll ask for your views about possible solutions to the 
deer population in Bountiful. Once again your choices can be: Strongly agree, 
Agree, Neutral, Disagree, or Strongly Disagree. Please pick the answer that most 
closely reflects your views 















13. Allowing a limited number of trained and certified archery hunters to lethally 






We just have two final questions:  
14. During which of the following season do you believe mule deer are a problem 





Deer are not a problem in Bountiful 
 
15. Prior to this survey, were you aware that the Division of Wildlife and the city of 
Bountiful will be trapping deer within the city limits of Bountiful and relocating 
them outside of the county this year?  
Yes 
No 
Those are all of the questions we have. Thank you for your time. 
 
 
Figure B-1. Urban deer management telephone survey script administered to Bountiful, 
Utah, USA residents in 2014 and 2016. 
 
